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ABSTRACT 


\ 

Project  Prairie  Grass  was  a  field  program  designed  to  pro  ¬ 
vide  experimental  data  on  the  diffusion  of  a  tracer  gas  over  a 
range  of  800  mfMnalk  In  each  of  70  experiments  the  gas  was 
1‘eleased  continuously  for  10  niinotiv  at  a  source  located  near 
ground  level.  The  gas  releases  v^ere  made  over  a  flat  prairie 
in  Nebraska  under  a  variety  ot  meteorological  conditions  during 
July  and  August  of  1956., 

-Ttiik)  f>apor^  InoUidiMi  a  brief  history 

of  the  project^ tod  detailed  descriptions  of  the  tracer  teclmique  and 
the  meteorological  equipment  employed  in  the  field  program. 
Tabulations  of  the  diffusion  data  and  the  meteorological  data 
collected  durbig  the  gas  releases  are  also  presented,  Li  addition, 
this -paper  «r4itftfns  data.  on  the  heat  budget  at  the  air-earth  inter¬ 
face  during  other  selected  periods  during  the  i^ummer  of  1956. 
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CHAPTER  7 

INSTRUMENTATION  USED  BY  THE  TEXAS  A&M  GROUP 

R.  L.  Richman*  and  W,  Covey 
Texas  A&M  Research  Foundation 

7.1  The  Mobile  Micrometeorological  Station 

The  mobile  micrometeorologlcal  station  of  the  Texas  A&M  group 
was  installed  at  the  extreme  west  end  of  the  observation  line  (Figure. 

7.1).  Figure  7.2  shows  the  relative  locations  of  the  component  elements 
of  the  station.  The  station  consisted  of  (a)  a  slender  aluminum  pipe 
mast  supporting  six  anemometers  at  heights  of  8,  4,  2,  1,  0,5,  and  0,25 
meters,  (b)  a  similar  mast  supporting  seven  temperature  measuring, 
radiation  shielded,  copper -constantan  thermocouple  junctions  at  heights 
of  8,  4,  2,  1,  0,5,  0.25,  and  0.125  meters,  (c)  a  similar  mast  supporting 
seven  polyethylene  air  sampling  tubes  at  heights  of  8,  4,  1,  0.5,  0,25,  and 
0.125  meters,  (d)  a  triangular  sectidn,  tubular  steel,  fold-over  type  tower 
supporting  at  a  height  of  16  meters  an  air  sampling  tube,  an  anemometer, 
a  shielded  thermocouple,  a  wind  vane  and  a  radioactive  point  collector, 

(e)  a  U.  S.  Signal  Corps  instrument  shelter  housing  maximum  and  mini¬ 
mum  thermometers  and  a  thermograph,  (f)  an  O-lnch  rain  gauge  and  a 
weighing  type  recording  rain  gauge,  (g)  a  wind  vane  supported  at  a  height 
of  1  meter  by  an  iron  pipe  stake,  (h)  a  Gier  and  Dunkle  net  exchange  radio¬ 
meter  supported  at  a  height  of  1  meter,  (i)  an  inverted  Eppley  thermoelec¬ 
trical  pyrhellometer  supported  by  an  iron  pipe  standard  at  a  height  of  2 
meters  to  receive  reflected  short-wave  radiation,  (j)  an  instrument  trailer 
which  housed  indicating  and  recording  apparatus,  (k)  an  Eppley  pyrhelio- 
meter  mounted  on  the  roof  of  tlie  trailer,  (1)  two  differentially  connected 
shielded  thermocouple  measuring  junctions  supported  by  a  pipe  stake  at 
heights  of  1/2  and  1  meter,  and  (m)  six  copper -constajitan  temperature 
measuring  junctions  at  depths  of  3.125,  6.25,  12,5,  25,  50,  and  100  cm  in  the 


♦Present  affiliation:  U.  S.  Navy  Electronics  Laboratory 
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Figure  7,1  Topograpliy  of  field  site  and  layout  of  equipment 
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soil.  Figure  7.3  illustrates  the  vertical  distribution  of  the  sensing  ele¬ 
ments. 

ITie  instrument  trailer  was  a  15-foot. house  trailer  shell,  the  interior 
of  which  was  designed  to  accommodate  the  recording  and  indicating  equip- 
ment  associated  with  the  exposed  sensing  elements.  Figures  7.4  and  7,5 
illustrate  the  assignment  of  space  in  the  trailer.  The  principal  instruments 
were  (a)  a  Thornthwalte  dew-point  hygrometer  and  associated  air  sampling 
apparatus,  (b)  a  group  of  six  recording  milliammetars  with  moduiated- 
carrier-type  d-c  amplifiers  for  recording  insolation,  reflected  short-wave 
radiation,  net  radiation,  temperature  differences,  wind  direction,  and 
absolute  temperatures,  (c)  a  temperature  Indicating  system  with  a  switch 
for  selecting  thermocouple  measuring  junctions,  and  (d)  a  counting  system 
for  indicating  the  number  of  turns  of  the  anemometers,  that  is,  for  record¬ 
ing  wind  profiles.  These  instruments  will  be  discussed  Individually  and 
described  in  detail.  In  addition,  space  was  provided  for  computing  and 
plotting  data,  storing  spare  parts,  and  storing  the  sensing  elements  and 
supporting  structures  during  transit. 

Observation  Procedure 

Most  of  the  observatlors  were  made  during  periods  which  centered 
about  five  minutes  after  the  hour  Central  Standard  Time.  The  procedure 
during  such  observations  is  listed  below,  A  similar  procedure  was  followed 
for  periods  centered  about  other  times. 

1.  Ten  minutes  before  the  hour:  measurement  of  soil  temperature 
at  6  depths. 

2.  Five  minutes  before  the  hour:  start  of  the  anemometer  counting 
period;  start  of  the  air  sampling  period;  start  of  the  recording  period  for 
fnsolatloi^net  radiation,  reflected  short-wave  radiation,  temperature 
difference,  and  wind  direction;  start  of  the  air  temperature  measurements. 
(Eight  measurements  of  air  temperature,  one  at  each  height,  were  made 
each  minute  for  a  20-mlnute  period.) 

3.  Fifteen  minutes  after  the  hour:  ending  of  observation  period 
which  was  started  at  five  minutes  before  the  hour. 
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Figure  7,3  Vertical  distribution  of  the  aersing  elements 
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Figure  7.4  Instrument  trailer  interior 


4,  , Seventeen  minutes  after  the  hour:  second  measurement  of  soil 
temperatures. 

5.  Twenty  minutes  after  the  hour:  measurement  of  the  dew-points 
of  the  8  air  samples  obtained  during  tlie  air  sampling  period.  (One  sample 
was  obtained  for  each  height.) 

All  data  reported  are  average  values  for  the  observation  period. 

7,3  Lidividual  Elements 

7.3.1  Lisolation  Licoming  short-wave  radiiilicjii  was  measured  by  an 
Eppley  pyrheliometer  (Weather  Bureau  lO-junction  type).  The  output  of 
the  pyrheliometer  was  contiimously  recorded  by  a  modulated-carrier- 
type  d-c  amplifier  (Figure  7.11)  and  an  Estorlino -Angus  graphic  ammeter. 
The  amplifier  was  equipped  with  a  gain  selector  switch  so  that  the  re¬ 
cording  sensitivity  could  be  changed.  Three  recording  scales  were  thus 
provided,  0  tcj  0.020  cal  cm  ^  sec  0  to  0.01  cal  cm  ^  sec  \  and  0  to 
0.0025  cal  cm'^  .sec  \ 

The  calibration  bictor  for  the  pyrheliometer  was  determined  by  the 
manufacturer  and  assumed  to  be  correct.  The  amplifier  and  recorder 
combined  were  calibrated  by  supplying  an  input  voltage  from  a  calibrated 
voltage  source.  The  voltage  source  had  been  ca HI) rated  by  a  Leeds  and 
Northrup  potontiometer  (Typo  K), 

The  calibrated  voltage  .source  (Figure  7.0)  is  extremely  stable  and 
was  used  in  the  field  for  periodic  checks  of  Hie  calibrations  of  I  he  various 
amplifier-recorder  systems. 

7.3.2  Reflected  Short-Wave  Radiation  Short-wave  radiation  reflected 
by  the  surface  was  measured  and  recorded  by  a  system  wliicli  was  identi¬ 
cal  to  that  used  for  insolation  measurements.  In  measuring  reflected 
radiation,  the  Eppley  pyrheliometer  was  mounted  at  a  lieight  of  2  meters 
and  inverted  so  that  this  radiation  was  incident  on  the  .sensitive  element. 

The  calibration  of  this  system  was  determined  in  the  same  manner 
as  that  of  the  insolation  system, 

7.3.3  Net  R;rdiation  A  Beckman  and  Whitley  thermal  radiometer. 
Model  N188-1  (Gier  and  Dunkle  net  exchange  radiometer),  was  used  in 

3 

measuring  the  net  radiation.  A  continuous  record  of  the  net  radiometer 
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Figure  7.7  Temperature  measuring  system 


output  was  obtained  by  means  of  an  amplifier  and  recorder  similar  to 
that  used  for  insolation  measurements.  Two  recording  scales  were  pro¬ 
vided;  -0.00125  to  +0.005  cal  cm  ^sec".^,  and  -0.005  to  +0.02  cal  cm  ^sec"^. 

The  calibration  of  this  system  was  determined  in  the  same  manner 
as  that  of  the  insolation  system. 

7.3.4  Air  and  Soil  Temperature  Profiles  All  temperature  measure¬ 
ments  were  made  by  means  of  copper -constantan  thermocouples.  The 
temperature  measuring  system  (Figure  7,7)  consisted  of  (a)  shielded  air 
temperature  measuring  junctions,  (b)  soil  temperature  measuring  junc¬ 
tions,  (c)  measuring  junction  selector  switches,  (d)  a  modulated-carrier- 
type  d-c  amplifier,  (e)  a  milliammeter,  (f)  a  reference  temperature  com¬ 
pensator  (calibrated  microvolt  source),  (g)  a  constantan  junction  zone  box, 
and  (h)  a  reference  junction.* 

A  radiation-shielded  thermocouple  assembly  is  shown  in  Figure  7.8. 

The  shield  consisted  of  four  aluminum  plates  held  together  by  small 
screws  and  plastic  spacers.  ”Alzak"  aluminum  0.032  Inches  thick  was 
used  for  the  shield  plates  because  it  is  highly  reflective  in  the  portion  of 
the  spectrum  between  0.4  and  7.5  microns.  The  thermocouple  junction 
formed  by  No.  36  D&S  gauge  copper  and  constantan  wire  was  positioned 
in  the  center  space  of  the  shield  plate  stack.  The  surfaces  of  the  plates 
faced  toward  the  junction  were  coated  with  flat  black  paint  so  that  heat 
transfer  by  radiation  would  assist  in  keeping  the  shield  stack  at  air  tem¬ 
perature. 

The  lead  wires  were  No.  16  B&S  gauge  rubber -covered  copper  and 
constantan  in  a  twisted  pair  which  was  encased  by  a  weather-proof  neoprene 
covering. 

Hollow  brass  tubes  formed  the  supporting  arms  for  the  shield  assembly. 
The  lead  wires  entered  the  base  fitting  and  the  copper  lead  was  threaded 
through  one  arm  and  the  constantan  through  the  other.  As  shown  in  Figure 
7.8,  the  ends  of  the  No.  36  B&S  gauge  copper  and  constantan  wires  which 
formed  the  junction  were  secured  to  the  corresponding  lead  wires  by  means 
of  firm -fitting  plastic  sleeves. 
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The  thermocouple  junctions  were  made  by  tinning  the  ends  of  No.  36 

B&S  gauge  copper  and  constantan  wires,  bringing  them  into  end-to-end 

0 

contact  with  the  aid  of  a  glass  capillary  tube,  and  soldering  them.  Junc¬ 
tions  formed  in  this  manner  are  uniform  and  not  significantly  larger  in 
diameter  than  the  wires  themselves.  A  thermocouple  of  this  type  has  a 
low  heat  capacity  and  relatively  low  thermal  conductivity. 

A  set  of  eight  shielded  thermocouple  at-oemblies  was  used  as  shown 
in  Figure  7.3.  The  supporting  structures  could  be  lowered  to  facilitate 
cleaning  the  shields  and  replacing  the  thermocouples, 

The  thermocouple  measuring  junctions  used  to  obtain  soil  tempera- 

4 

tures  were  of  two  types  as  shown  in  Figure  7.9.  The  junctions  which 
were  placed  at  depths  of  12.5,  25,  50,  and  100  cm  were  formed  by  No.  16 
B&S  gauge  copper  and  constaiitan  lead  wire.  This  type  of  junction  was 
encased  in  a  copper  tube  6.5  inches  long  and  5/l6-inch  outside  diameter. 
The  copper  tube  was  sealed  at  one  end  by  a  brass  bullet-shaped  cap.  The 
junction  was  electrically  insulated  from  the  copper  sheath  by  "Glyptal" 
lacquer  and  plastic  taiie.  The  junctions  which  were  placed  at  depths  of 
3.125  and  6,25  cm  were  formed  by  No.  36  B&S  gauge  copper  and  constan- 
tan  wires.  The  wires  were  insulated  by  means  of  thin  glass  capillary 
tubes  and  inserted  in  a  brass  sheath  6.5  Inches  long  and  0.095  inches 
outside  diameter.  One  end  of  the  sheath  was  sealed  by  a  pointed  brass 
cap  and  the  other  end  was  connected  to  a  1.5 -Inch  length  of  5/16-inch 
outside  diameter  copper  tubing  which  served  as  a  housing  for  the  splices 
of  the  No.  36  B&S  gauge  wires  to  No.  16  B&S  gauge  lead  wires.  The 
junction  was  electrically  Insulated  from  the  sheath  by  "Glyptal"  lacquer. 

Care  was  taken  during  installation  of  the  soil  temperature  elements 
to  disturb  as  little  as  possible  the  soil  which  would  surround  the  junc¬ 
tions.  A  triangular  pit  slightly  more  than  one  meter  deep  was  excavated. 
The  sod  was  cut  and  removed  and  successive  layers  of  soil  were  removed 
and  piled  separately.  In  order  to  maintain  accurate  spacing  between  the 
junctions,  a  wooden  template  (5  cm  X  2  cm  x  105  cm)  in  which  appro¬ 
priate  holes  had  been  drilled  was  used.  The  wooden  support  was  accurately 
positioned  vertically  at  the  apex  of  the  pit.  Holes  winch  were  slightly 
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smaller  in  diameter  than  tlie  temperature  elements  were  drilled  into  the 
side  of  the  pit  at  each  level.  The  temperature  elements  were  then  in¬ 
serted  liorizontally  through  the  wooden  support  and  into  the  holes  in  the 
soil.  The  layers  of  soil  were  replaced  at  their  original  depths  as  the  pit 
was  filled.  To  minimize  the  effect  of  thermal  conduction  along  the  lead 
wires,  each  lead  was  buried  at  the  same  depth  as  its  corresponding  ele¬ 
ment  for  a  horizontal  distance  of  approximately  one  meter  from  the  ele¬ 
ment.  Figure  7.10  illustrates  the  arrangement  of  the  soil  temperature 
measuring  junctions. 

All  constanlan  leads  from  the  measuring  junctions  were  connected 
to  the  constantan  lead  to  the  reference  junction  at  tlie  constantan  junc¬ 
tion  zone  box.  (See  Figure  7.7)  The  lead  ends  were  held  in  contact  with 
the  common  lead  by  means  of  plastic  clamps.  Each  lead  could  be  easily 
disconnected  from  the  circuit  for  checking  purposes. 

The  copi^er  leads  from  the  measuring  junctions  were  connected  to 
the  individual  positions  of  a  two-gang  rotary  selector  switch.  A  copper 
knife  switch  permitted  selection  of  a  gang.  Since  the  rotary  selector 
switcii  had  silver  contacts,  it  was  mounted  in  a  llier.mos  flask  which  in¬ 
sured  isothermal  conditions  and  prevented  the  occurrence  of  spurious 
voltages  due  to  the  copper -silver  junctions. 

The  reference  junction  was  formed  by  No,  16  B&S  gauge  copper  and 
constantan  wires  and  as  electrically  insulated  and  water-proofed  by  a 
thin  coating  of  polyethelene.  The  reference  junction  was  immersed  in  a 
pint  thermos  flask  filled  with  a  mixture  of  distilled  water  and  crushed 
distilled  water  ice.  To  prevent  conduction  of  heat  to  the  junction  by  the 
lead  wires,  approximately  one  foot  of  the  lead  wires  was  looped  and 
immensed  with  the  junction.  The  thermos  flask  was  mounted  in  a  cork- 
lined  metal  container  to  further  reduce  the  melting  rate  of  the  ice.  The 
metal  container  was  mounted  near  the  floor  on  a  pair  of  horizontal  pivots. 
The  operator  could  impart  a  rocking  motion  to  the  container  with  his  foot. 
In  this  way  the  reference  bath  was  agitated  to  minimize  thermal  stratifica¬ 
tion.  The  mixture  of  ice  and  water  wa.s  assumed  to  be  at  0°C. 
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The  eircuit  diagram  for  the  modulated -carrier -type  d-c  amplifier  is 
shown  in  Figure  7.11,  The  prominent  characteristics  of  this  amplifier 
are  high  sensitivity,  virtually  no  zero  drift,  high  gain  stability,  relatively 
high  input  impedance,  and  a  high  degree  of  linearity.  The  amplifier  used 
for  temperature  measurements  had  a  nominal  input  range  of  0  to  400 
microvolts  which  corresponds  to  the  output  of  copper -constantan  thermo¬ 
couples  for  a  lO^C  temperature  difference.  A  control  was  provided  for 
precise  setting  of  the  amplifier  gain. 

The  amplifier  output  was  indicated  on  a  meter  (Weston,  Model  271) 
which  had  a  range  of  0  to  1  milliampere  and  an  internal  resistance  of 
1400  ohms.  The  meter  scale  was  5.0  inches  (147  mm)  in  length,  had 
100  divisions,  and  was  marked  to  read  a  temperature  range  of  0°to 
100“  This  meter  was  equipped  with  a  knife-edge  pointer  and  a  mirror 
scale  which  eliminated  reading  errors  due  to  parallax. 

The  reference  temperature  compensator  circuit  is  shown  in  Figure 
7,12,  This  unit  is  a  calibrated  variable  microvoltage  source.  By  setting 
the  dial  of  the  5000-ohm  precision  variable  resistor  and  regulating  the 
voltage  across  the  precision  divider  coiisisting  of  tlie  1-ohm,  250-oIim, 
and  nominal  5000-ohm  series -connected  resistors;  a  microvoltage 
equivalent  to  that  produced  by  copper -constantan  thermocouples  for  any 
temperature  difference  in  tlic  ranges  of  0“to  45 'C  and  0“to  45"C  could 
be  obtained.  In  this  circuit,  the  output  microvoltage  is  made  dependent 
only  on  the  setting  of  the  5000-ohm  resistor  by  maintaining  a  constant 
voltage  across  the  divider.  This  is  accomplished  by  comparing  the 
voltage  across  the  divider  with  the  emf  of  a  standard  cell  and  varying 
the  lOOK  ohm  resistor  in  series  with  the  1.5-volt  dry  cell  until  a  condi¬ 
tion  of  balance  is  obtained  as  indicated  l)y  the  microammeter. 

Since  the  input  range  of  the  amplifier  was  limited  to  a  10  increment 
and  the  reference  thermocouple  junction  was  maintained  at  0''C,  the  I’efer- 
ence  temperature  compensator  was  employed  in  measuring  temperatures 
which  exceeded  10 'C.  The  connection  of  the  compensator  in  the  measuring 
circuit  ”vvas  such  that  its  output  voltage  was  subtracted  from  the  voltage 
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produced  by  the  thermocouples.  The  net  voltage  was  then  amplified  and 
indicated  on  the  meter.  The  following  example  illustrates  the  operation 
of  the  temperature  measuring  system; 

To  measure  the  temperature  (assumed  to  be  between  20°  and  30°C) 
at  the  50-cm  depth  in  the  soil: 

(1)  Set  the  selector  switch  for  the  -50  cm  soil -measuring  junction, 

(2)  Set  the  reference  temperature  compensator  dial  for  20°C  com¬ 
pensation  and  adjust  the  balance  control, 

(3)  Set  the  amplifier  gain  dial  for  the  20°  to  30°C  increment,  and 

(4)  Read  the  meter  (assume  a  reading  of  6.35  is  obtained) 

(5)  Apply  a  meter  correction,  in  this  case  +0.02. 

The  temperature  (26.37)  is  the  compensation  (20°C)  plus  the  meter  reading 
(6.35°C)  plus  the  meter  correction  (+0.02). 

A  platinum  resistance  thermometer  (Leeds  and  Northrop),  which  had 
been  calibrated  by  the  National  Bureau  of  Standards,  and  a  Mueller  Bridge 
(Rubicon)  were  used  to  calibrate  the  copper-constantan  thermocouple  wire. 

A  thermocouple  circuit  was  constnicted  from  a  length  of  No.  IG  D&S  gauge 
copper -constantan  lead  wire.  One  junction  was  placed  in  a  0 'C  reference 
bath  and  the  other  junction  was  immersed  In  a  large  thermos  flask  filled 
with  water  (approximately  five  gallons).  A  Beckman  differential  thermo¬ 
meter  and  the  resistance  thermometor  were  immersed  in  this  calibrating 
bath.  The  thermocouple  junction,  Beckman  thermometer  bulb  and  resist¬ 
ance  thermometer  bulb,  were  placed  in  close  proximity  near  the  center  of 
the  bath.  A  motor-driven  stirring  mechanism  was  used  to  agitate  the 
water.  The  thermocouple  wires  were  connected  in  a  circuit  with  an  ampli¬ 
fier,  meter,  and  reference  temperature  compensator  as  shown  -in  Figure 
7.13.  The  amplifier  and  meter  merely  served  as  c  sensitive  null  indicator, 
hence  their  calibrations  had  no  influence  on  the  wire  calibration. 

The  temperature  of  the  calibrating  bath  was  varied  through  the  range 
of  -20 °C  to  I50°C  and  15  evenly-distributed  calibrations  points  were 
obtained.  Methanol  antifreeze  was  added  to  the  bath  water  for  temperatures 
less  than  0°C.  The  temperature  of  the  bath  was  determined  by  the  resistance 
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Figure  7.12  Reference  temperature  compensator 
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thermometer,  and  tlie  rate  of  change  of  temperature  was  monitored  by  the 
Beckman  differential  thermometer.  At  each  calibration  point,  a  reference 
temperature  compensator  setting  was  determined  which  produced  zero 
current  flow  in  the  measuring  eii’cuit  as  indicated  by  the  amplifier  meter 
null  detector;  that  is,  a  setting  was  determined  which  caused  the  compen¬ 
sator  output  to  be  equal  in  magnitude  to  the  emf  produced  by  the  thermocouple 
junctions.  Tlie  emf  temperature  characteristic  of  the  copper-constantan 
wire  was  then  determined  by  measuring  the  output  of  the  compensator  for 
each  of  the  dial  settings,  A  potentiometer  (Leeds  and  Northrup  Type  K), 
a  precision  voltage  divider,  an  amplifier-meter  null  detector,  and  an  auxiliary 
emf  source  wei’e  used  for  this  measurement  as  shown  in  Figure  7,14,  The 
amplifier  and  meter  were  calibrated  by  means  of  the  circuit  shown  in 
Figure  7.15.  hi  this  circuit,  the  compensator  serves  as  a  calibrated  micro¬ 
voltage  source  whicli  simulates  the  output  of  a  thermocouple  circuit.  With 
the  auxiliary  microvoltage  source  set  at  zero  output,  the  compensator  was 
set  for  10  C  mid  tlie  setting  of  the  amplifier  gain  control  which  produced 
full-scale  motor  deflection  was  determined.  Tlie  output  of  the  auxiliary 
niici'o voltage  source  was  tlien  adjusted  until  it  was  equal  in  magnitude  to 
the  compensator  output.  Since  the  two  microvoltage  sources  were  connec¬ 
ted  so  that  their  polarities  were  in  opposition,  a  condition  of  equality  was 
indicated  by  a  reading  of  zero  on  the  meter.  (The  zero  reading,  of  course, 
is  independent  of  the  amplifier-meter  calibration.)  The  setting  of  the  com¬ 
pensator  was  then  changed  to  20  C  and  the  amplifier  gain  setting  for  full- 
scale  meter  deflection  was  determined.  The  auxiliary  microvoltage  source 
was  again  adjusted  for  a  condition  of  equality  and  the  process  was  repeated. 

By  this  method,  amplifier  gain  settings  were  established  for  a  series  of 
overlapping  operating  ranges,  that  is,  O'’ to  lO’C,  5^*10  15'’C,  10“  to  20“C, 
etc.  The  transfer  characteristic  of  the  amplifier-meter  combination  was 
determined  and  it  was  found  that  deviations  from  linearity  were  due  primarily 
to  meter  movement  and  scale  irregularitie.s.  Corrections  to  be  applied  to 
meter  readings  were  established  which  corrected  for  the  Irregularities  in 
the  amplifier -meter  transfer  characteristic  and  the  curvature  of  the  emf 
temperature  characteristic  of  the  thermocouple  wire. 
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Figur»'  7.14  Calibrating  circuit 


Figure  7.15  Amplifier  calibrating  circuit 
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The  emf  temperature  characteristic  of  the  No.  36  B&S  gauge  copper- 
constantan  thermocouple  wire  had  been  established  to  be  virtually  the  same 
as  that  of  the  No.  16  B&S  gauge  thermocouple  wire  by  the  Leeds  and 
Northrup  Compahy.  This  was  verified  by  experimentation.  A  series  circuit 
was  constructed  from  lengths  of  No.  16  B&S  gauge  copper  wire,  No.  16  B&S 
gauge  constantan  wire,  No.  36  B&S  gauge  copper  wire,  and  No.  36  B&S 
gauge  constantan  wire. 

Four  junctions  were  formed:  (1)  No.  16  B&S  gauge  copper  to  No.  36 
B&S  gauge  copper,  (2)  No.  36  B&S  gauge  copper  to  No.  36  B&S  gauge 
constantan,  (3)  No.  36  B&S  gauge  constantan  to  No.  16  B&S  gauge  constan¬ 
tan  and  (4)  No.  16  B&S  gauge  constantan  to  No,  16  B&S  gauge  copper. 

This  circuit  was  connected  to  an  amplifier -meter  null  detector.  The  No, 

16  B&S  gauge  copper-constantan  junction  and  the  No.  36  B&S  gauge  copper- 
constantan  junction  were  maintained  at  the  same  temperature  by  immersing 
them  in  a  thermos  flask  filled  with  water.  The  No.  16  B&S  gauge  to  No.  36 
B&S  gauge  copper  junction  and  constantan  junction  were  heated  separately. 

No  thermoelectrical  emf  was  obtained. 

An  overall  statement  of  the  accuracy  of  the  temperature  measure¬ 
ments  cannot  be  made.  The  accuracy  of  the  air  temperature  measurements 
Is  a  function  of  the  prevailing  atmospheric  conditions  at  tlie  time  the  measure¬ 
ments  were  made.  Errors  inlierent  in  thermal  measurements  further  compli¬ 
cate  an  assessment  of  accuracy.  It  is  possible,  however,  to  designate  the 
sources  of  error  and  to  estimate,  in  some  cases,  the  magnitude. 

Absolute  accuracy  can  be  defined  as  the  deviation  of  a  measurement 
from  true  temperature.  Relative  accuracy  can  be  defined  as  the  deviation 
of  a  measured  difference  from  true  temperature  difference.  The  signifi¬ 
cant  errors  In  air  temperature  measurements  are  calibration  error,  radia¬ 
tion  error,  and  sampling  error. 

The  calibration  of  the  thermocouple  wire  is  the  basis  of  the  calibra¬ 
tion  of  the  temperature  measuring  system.  The  accuracy  of  the  wire  cali¬ 
bration  is  difficult  to  evaluate.  However,  the  calibration  was  conducted 
with  extreme  care  and  several  determinations  of  each  measured  value 


showed  the  calib»;ation  to  be  reproducible.  A  conservative  estimate  of  the 
error  due  to  calibration  inaccuracies  is  0,05  C  for  an  absolute  measure¬ 
ment  and  0.02“C  for  a  relative  measurement.  Error  caused  by  loss  of 
calibration  due  to  change  in  characteristics  of  the  system  components  (in 
particular,  a  change  in  the  emf  temperature  characteristic  of  the  thermo¬ 
couple  wire)  can  be  considered  insignificant.  A  comparison  of  this  wire 
calibration  (conducted  in  April  1956)  with  a  calibration  conducted  in  May 
1953  shows  an  av'cragc  difference  of  0.05''C.  An  unlcnowii  fraction  (be¬ 
lieved  to  be  small)  of  tliis  difference  is  probably  due  to  a  change  in  the 
emf  temperature  characteristic  of  the  wire.  Frequent  checks  of  the 
amplifier  calibration  were  made  by  the  method  illustrated  in  Figure  7.15 
to  insure  no  loss  in  accuracy  due  to  this  component. 

Probably  the  most  detrimental  effect  on  the  accuracy  of  the  air  tem¬ 
perature  measurements  was  produced  by  radiative  transfer  at  tlie 
measuring  junctions.  The  magnitude  of  the  radiation  error  is  difficult  to 
determine  since  it  is  a  function  of  atmospheric  conditions,  time,  height, 
and  vertical  distribution  of  wind  velocity.  In  the  daytime  with  a  clear  sky 
and  low  wind  velocity  this  error  would  be  greatest.  All  measured  air 
temperatures  would  be  higher  than  true  air  temperature.  Air  movement 
decreases  the  effect  of  radiation.  The  measurement  nearest  the  ground 
w^ould  have  the  greatest  error  since  the  wind  speed  there  is  less  tlian  the 
wind  speed  aloft.  At  night  with  a  clear  sky  the  radiation  error  would  pro¬ 
duce  measured  temperatures  lower  than  real,  and  variable  with  Iieight  and 
wind  speed.  Under  cloudy  and  windy  conditions,  the  radiation  error  would 
be  less  significant.  Under  Isothermal  conditions  with  zero  net  radiation 
at  the  surface,  tlie  radiation  error  would  be  completely  absent.  It  is  con¬ 
ceivable  that  the  radiation  error  could  be  as  high  as  2  ’C;  however,  for 
most  of  the  observations  made  at  O'Neill  it  probably  did  not  exceed  0.1  C. 

A  handy  means  of  checking  the  relative  accuracy  of  air  temperature 
measurements  independent  of  sampling  error  maJ<es  use  of  Nature's  heat 
bath  which  exists  with  adiabatic  thermal  sti’atification.  At  these  times,  the 
thermocouple.^  on  the  ma.st  are  o.\])osed  to  the  ;;ame  constant  potential 
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temperature.  *  That  is,  since  the  potential  temperature  is  constant  through¬ 
out  the  depth  of  measurement,  and  over  the  time  of  measurement,  no  breath 
of  air  of  different  potential  temperature  can  come  along  to  introduce  sam¬ 
pling  error.  Since  meteorological  sampling  error  is  missing,  only  radia- 
tional  error  and  calibration  error  remain. 

Adiabatic  thermal  stratification  near  the  ground  occurs  typically  twice 
a  day,  shortly  after  sunrise  and  a  while  before  sunset.  However,  these 
are  also  times  of  rapid  heating  in  the  morning  and  cooling  in  the  afternoon, 
so  that  the  length  of  time  that  adiabatic  stratification  exists  may  be  very 
short.  On  some  occasions  the  entire  16-meter  depth  of  measurement 
will  not  be  at  uniform  potential  temperature  at  any  one  time.  Adiabatic 
profiles  may  be  caused  at  other  times  by  high  turbulence  if  the  turbulent 
heat  flux  is  relatively  small. 

Analyses  were  made  of  six  adiabatic  or  nearly  adiabatic  air  tempera¬ 
ture  profiles  {20-minute  periods)  obtained  during  the  3-day  observation 
period  6-9  August  1956.  Profiles  of  mean  temperature  and  mean  potential 
temperature  were  plotted  for  each  of  the  six  runs  (see  Figures  7.16,  7.17, 
7.18,  7.19,  7.20  and  7.21).  It  was  assumed  that  the  logarlthmlcprofile 
equation  holds: 

9=00+  nA8 , 

where  A9  does  not  vary  with  height  in  the  lowest  16  meters.  Logarithmic 
profiles  were  fitted-by-eye,  and  the  standard  error  of  mean  potential 
temperature  for  the  20-minute  period  was  estimated  as  1.25  times  the 
average  deviation  of  the  points  from  the  fitted  line.  The  values  are  given 
in  Table  7.1.  This  standard  error  ranges  from  0.0048“C  to  ©.OSl^C, 
with  an  average  value  of  0.020°C.  Since  some  meteorological  sampling 


♦More  preciselv,  to  the  same  value  of  6  =  T  +  -  z  where  z  is  m^ias- 
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error  still  exists,  and  possibly  a  very  small  radiational  error,  these 
values  are  considered  outside  limits  for  the  calibration  standard  error. 
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Table  7.1  Values  of  standard  error  of  mean  potential  temperature 


Date 

Time 

Type 

A0* 

CO 

Wind  Velocity 
Speed  Dir 
(cm/sec)  (deg) 

S»  £ii  m 

(“C)^ 

Remarks 

6  Aug 

1755-1805 

Cooling 

.00 

537 

160 

.031 

.1  Cs 

7  Aug 

! 

0255-0315 

Dynamic 

1 

.04 

1 

1 

574 

1 

65 

,016 

.4  low  cloud 

Was  raining 
previous 
two  hrs 

8  Aug 

! 

0155-0205 

Dynamic 

.015 

812 

20 

.0048 

Thunderstorms 
to  north  last 
few  hrs 

8  Aug 

0755-0805 

Warming 

.01  I 

314 

330 

.030 

Overcast 

Raining  one 
hr.  ago 

8  Aug 

1855-1905 

Cooling 

.03 

527 

0 

.017 

.2  Cu 

9  Aug 

1655-1705 

Cooling 

.002 

416 

30 

.019 

Huge  thunder¬ 
storm  to  west, 
advancing  on 
us  for  last 

3  hrs 

I 

I 


*  Afl  -  ii.  where  n  ("number  of  doubled  levels")  is  the  logarithmic, 

9n  >  ,  In  z/zo 

non-dimensional  height  scale  «  =  in  2 
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The  importance  of  the  meteorological  sampling  error  still  remaining 
can  be  appreciated  by  taking  a  closer  look  at  the  data  for  two  of  the  runs: 
that  of  0205  CST  on  8  August,  an  ideal  case,  and  that  of  1805  CST  on 
6  August,  a  less  than  ideal  case.  The  tiling  sought  is  the  nature  of  trends 
during  the  20-mlnute  periods.  To  this  end,  simplified  profiles  of  poten¬ 
tial  temperature  for  the  first  and  last  five  minutes  of  each  run  were 
obtained.  The  data  of  the  lowest  two  heights,  middle  two  heights,  and  top 
two  heights  were  combined,  giving  profiles  of  only  three  points.  These 
profiles  are  plotted  in  Figures  7.22  and  7.23.  The  latter  20-mlnute  pro¬ 
file  was  obtained  when  shelter-height  temperature  dropped  TO^C  in  15 
minutes,  and  the  potential  temperature  profile  quickly  passed  from  day¬ 
time  type  to  nighttime  type  during  the  run. 

On  the  other  hand,  the  ideal  20-minute  profile  was  obtained  with 
high  turbulent  mixing  and  small,  nearly  co.istant,  heat  flux  downward. 

The  drop  in  shelter-height  temperature  was  only  0,4'’C  in  15  minutes, 
and  the  slope  of  the  potential  temperature  profiles  changed  very  little 
during  the  run.  Meteorological  sampling  error  was  therefore  much  less 
in  this  period  of  observation  than  in  that  of  1805  CST  on  6  August  1956. 

Errors  in  the  20-minute  profiles  of  mean  temperature  due  to  samp¬ 
ling  may  be  evaluated  by  simple  statistical  techniques.  The  magnitude  of 
these  errors  is  least  (nearly  zero)  when  thermal  stratification  is  adia¬ 
batic.  It  is  also  usually  small  with  calm  conditions  at  night.  These  errors 
are  greatest  in  the  heat  of  the  day  when  no  steady  breeze  is  blowing, 

A  computation  w'as  made  to  evaluate  sampling  error  in  tlie  temperature 
profiles.  Data  are  from  the  1455-1515  observation  period  of  8  August. 

This  was  a  time  of  strong  solar  heating  (clear  sky  above,  bank  of  cumulus 
clouds  in  the  distant,  southeast)  and  ’’very  light"  winds  from  the  southwest. 
In  the  computations,  the  standard  deviations  are  in  all  cases  estimated  at 
5/4  of  the  average  deviation. 

The  standard  deviation  of  the  20  temperature  measurements  at  each 
height  varied  from  1,06  degrees  (Z  =  0.125  m)  to  0.44  degrees  (Z  =  16  m). 
Since  the  serial  correlation  is  negligible,  the  standard  error  of  the  mean 

1/9 

temperature  is  (1/20)""'"  times  the  standard  deviation.  The  mean 
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temperatures  at  the  various  heights  are  found  to  have  standard  errors  of 
0.10  to  0.24  degrees.  Figure  7.24  shows  the  profile  of  T  plus  or  minus 
S.E.iji  as  a  function  of  height. 

The  accuracy  of  mean  temperature  differences  within  the  profile 
is  increased  by  a  small  positive  correlation  between  temperature  obser¬ 
vations  at  various  heights.  In  this  example,  the  difference  in  mean  temp¬ 
erature  at  1  m  height  and  at  all  other  heights  is  between  0.18  degrees 
and  0.24  degrees. 

The  means,  standard  deviations,  and  correlation  coefficients  are 
given  in  Table  7.2. 


Table  7.2.  Statistical  measures  of  temperature 
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0  rp 
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0.44 

0,10 

-1.83 

0.93 

0.21 

0.20 

-.044 

800 

29.37 

.57 

.13 

-1.32 
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.18 

50 

31.40 
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0.30 

+.41 

* 


Value  that  S.  E.  (T  -T,  ) 
'  z  Im' 


would  have  if  correlatioii  wei'e  zero. 


N 


N 


1=1 


N 


N 

“T“l  m  g,  Fi-T| 


S.E.t  =  /n  ^  t 


34 


N 

-t  )  =  4  S  (t  -Ti  )-(t  -t,  )i 

'  z  Im'  N  ._j  r  2  Im'  '  z  Im^ 


S.E, /rp  \  =  a 


The  accuracy  of  the  soil  temperature  measurements  is  0.05°C  for 
absolute  measurements  and  0,02''Cfor  relative  measurements  since  the 
only  significant  error  is  that  due  to  calibration  inaccuracy. 

Malfunctioning  of  the  temperature  measuring  system  could  be  easily 
recognized  by  obsei^ing  the  hourly  change  in  temperature  at  the  1-meter 
depth  in  the  soil.  Large  scale  change  or  rapid  fluctuations  in  this  read¬ 
ing  usually  Indicated  shorts  or  leakage  to  ground,  electric  and  magnetic 
field  pickup,  or  component  failures.  Difficulties  could  also  be  recognized 
by  reading  the  1 -meter  soil  temperature  using  two  overlapping  reference 
temperature  compensator  ranges. 

7.3.5  ^Ir  Temperature  Difference.  The  air  temperature  difference 
between  iiie  1-meter  and  the  1/2-meter  levels  wan  measured  by  means 
of  two  radiation -shielded  thermocouple  junctions  of  the  same  type  as 
that  used  for  air  temperature  profile  measurements.  The  two  junctions 
were  differentially  connected  and  the  outimt  was  recorded  by  a  modulated- 
carrier-type  d-c  amplifier  and  an  Esterllne-Angus  graphic  ammeter. 

A  recording  scale  of  -5'’to  was  used;  hence,  the  temperature 
at  one  level  relative  to  the  other  was  determined  in  addition  to  the 
temperature  difference. 

7.3.6  Vapor  Pressure  Profiles.  The  measurement  of  the  amount  of 
water  vapor  In  the  air  v.'as  accomplished  by  means  of  an  air  sampling 
system  and  a  dew-point  hygrometer.  During  the  20 -minute  observation 
periods,  air  samples  were  obtained  at  each  level  as  shown  in  Figure  7.3. 
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The  dew  point  of  each  sample  was  then  measured  using  a  Thornthwaite 

A 

automatic  dew-point  hygrometer.  The  data  reported  are  in  units  of 
vapor  pressure  (millibars)  which  were  obtained  by  conversion  of  the 
measured  data  which  were  in  terms  of  dew-point  temperature  (degrees 
Centigrade). 

The  air  sampling  system  shown  schematically  in  Figure  7.25 
consisted  of  (a)  polyethylene  sampling  tubes,  (b)  sample  storage  jugs, 

(c)  sample  selector  valves,  (d)  a  variable  speed  pump,  and  (e)  a  pump 
speed  control.  Polyethylene  tubing  having  an  inside  diameter  of  0.25- 
in.  was  used  since  this  material  is  virtually  non -hygroscopic.  One 
gallon  glass  jugs  were  used  as  reservoirs  for  the  air  samples  in  order 
to  obtain  average  samples(that  is,  samples  which  did  not  exhibit  small 
scale  fluctuations)  simultaneously  from  all  levels.  The  sample  selec¬ 
tor  valves  permitted  extraction  of  the  samples  from  the  reservoirs  for 
measurement,  A  modified  vacuum  cleaner  was  used  as  an  air  pump. 

The  rate  of  pumping  could  be  changed  by  varying  the  input  voltage  to 
the  pump  motor.  Two  pump  speeds  wore  used  and  were  conveniently 
obtained  by  switching  the  motor  input  to  full  line  voltage  or  to  the 
voltage  at  a  taj)  on  aJi  auto -transformer. 

The  dew-point  hygrometer  is  shown  in  Figure  7.26,  This  is  a 
condensation  type  hygrometer  which  utilizes  a  mirror  surface  on  which 
moisture  is  caused  to  condense.  By  measuring  the  temperature  of  the 
mirror  at  the  time  of  incipient  condensation  the  dew  point  is  obtained. 

The  instrument  which  was  used  consisted  of  (a)  a  mirror  assembly, 

(b)  a  sample  chamber,  (c)  a  photoelectric  dew-film  detection  system, 

(d)  a  dry -ice  heat  sink,  (e)  a  control  circuit,  and  (f)  a  radio  frequency 
Induction -heating  unit.  The  mirror  assembly  was  formed  by  copper 
foil  chrome  plated  on  one  surface  and  soldered  to  the  end  of  a  steel  rod 
0.25-ln.  in  diameter  which,  in  turn,  was  connected  to  a  copper  slug  1-inch 
in  diameter  and  5  inches  long.  The  chrome  surface  served  as  the  mirror 
and  a  copper -constantan  thermocouple  junction  was  held  in  contact  with 
the  under  or  copper  surface  by  a  second  piece  of  copper  foil.  This  junction 


Figure  7.26  Dew  point  hygrometer 


was  connected  to  the  temperature  measuring  system  (see  Figure  7.7). 

The  thermocouple  wire  was  the  same  type,  No.  36  B&S  gauge,  as  that 
used  for  the  air  temperature  measuring  junctions. 

The  copper  slug  of  tlie  mirror  assembly  was  inserted  in  a  thermos 
flask  filled  with  crushed  dry  ice  and  tne  steel  mirror  stem  was  inserted 
in  a  hole  in  the  sample  chamber.  A  radio  frequency  induction  heating 
coil  concentric  with  the  hole  in  the  sample  chamber  then  encircled 
the  steel  mirror  stem.  The  sample  chamber  was  ahollow,  airtight,  plas¬ 
tic  block  with  air  sample  intake  and  exhaust  ports,  windows  for  two 
photocells,  and  a  window  for  the  admission  of  a  light  beam. 

The  photoelectric  dew-film  detection  system  was  connected  to  an 
amplifier  (control  circuit)  which,  in  turn,  controlled  a  radio  frequency 
oscillator  (R-F  induction  heating  unit). 

In  operation  the  mirror  surface  was  cooled  by  the  dry  ice  and 
heated  by  the  R-F  induction  heater.  By  controlling  the  heating,  tlie 
mirror  temperature  could  be  varied.  Three  heat  controls  were  available: 
(1)  a  quick-heat  button,  (2)  a  manual  control,  and  (3)  an  automatic  con¬ 
trol.  By  manually  depressing  the  qnick-heat  button,  rapid  heating  of  the 
mirror  was  obtained.  The  manual  control  enabled  the  operator  to  vary 
the  mirror  temperature  to  obtain  a  dew-film  of  proiJer  thickness.  The 
automatic  control  was  provided  by  the  photoelectric  dew-film  detection 
system.  Light  which  Wiis  incident  at  an  angle  of  45  degrees  on  tlie 
mirror  was  reflected  to  one  photocell.  A  second  photocell  positioned 
directly  below  the  mirror  .surface (that  is,  on  a  line  nornpal  to  the  mirror 
surface)  received  scattered  light  when  a  dew-film  was  present.  An  in¬ 
crease  in  dew-film  thickness  cuused  a  decrease  in  reflected  light  and 
an  increase  in  scattered  light.  This  change  was  .sensed  by  the  photo¬ 
cells  which  produced  a  control  voltage  causing  an  increase  in  R-F  in¬ 
duction  heating.  Conversely  a  decrease  in  dew-film  thickness  was 
sensed  and  the  heat  supply  to  the  mirror  decreased.  Li  this  way  the  auto¬ 
matic  control  aided  the  operator  in  maintaining  a  constant  dew-film  thick¬ 
ness  on  the  mirror. 
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In  addition  to  providing  automatic  control,  the  photoelectric  dew- 
film  detection  system  produced  a  meter  indication  of  dew-film  thick¬ 
ness,  The  dew-film  thickness  meter  permitted  establishing  a  standard 
dew-film  thickness  for  all  measurements. 

The  following  procedure  was  used  for  measuring  dew-point  pro¬ 
files,  With  the  sample  selector  valves  set  in  the  simultaneous  sample 
position  and  the  pump  set  for  high  speed,  air  samples  were  drawn  into 
the  storage  jugs.  The  pump  was  set  for  low  speed  and  the  valves  were 
set  so  that  air  which  was  a  mixture  of  all  the  samples  was  passed 
through  the  sample  chamber.  In  this  way  an  initial  setting  of  the  manual 
control  was  made  to  produce  a  dew-filni  and  the  proper  reference  tem¬ 
perature  compensator  range  setting  was  determined  for  the  tempera¬ 
ture  measuring  system.  The  quick -heat  button  was  then  depressed  to 
clear  the  dew-film  from  the  mirror  and  the  zero  or  clear  mirror  read¬ 
ing  of  the  dev/-film  thickness  meter  was  checked,  Valve  settings  were 
made  for  selection  of  the  first  sample.  The  pump  was  ojierated  at  high 
speed  for  3  to  5  seconds  to  scavenge  the  sample  chamber  and  connecting 
tubes  of  the  initial  air.  With  the  pump  operating  at  low  speed,  the  manual 
control  was  set  to  produce  a  dew-film  of  the  proiJer  thickness  as  indicated 
by  the  dew-film  thickness  meter.  The  tempierature  of  the  mirror  was 
then  read  by  means  of  the  temperature  measuring  system.  The  second 
sample  was  selected  and  the  first  sample  scavenged  by  operating  the  pump 
at  high  speed.  The  process  was  then  repeated.  Slow  speed  operation  of 
the  pump  during  the  measuring  period  was  necessary  to  prevent  depletion 
of  the  air  sample  and  mechanical  disturbance  of  the  dew -film  by  the  air 
passing  over  its  surface. 

Because  of  the  number  of  manual  adjustments  and  switch  settings, 
and  complexity  of  the  procedure,  considerable  skill  was  required  of  the 
operator  in  measuring  dew-point  profiles. 

Prior  to  Project  Prairie  Grass,  the  dew-point  hygrometer  was  cali¬ 
brated  by  an  air  saturating  chamber  as  sho^vn  in  Figure  7.27.  The 
chamber  wa.s  formed  by  two  slieet-copper  boxes  one  within  the  other 
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•  THERMOCOUPLE 


and  separated  by  insulating  material  l-ineh  thick.  The  box  was  con¬ 
structed  in  two  sections  to  permit  access  to  the  chamber.  The  bottom 
section  formed  a  pan  18  inches  by  18  inches  by  1.5  inches  deep.  The 
top  section  contained  a  labyrinth  of  baffle  plates.  The  pan  formed  by 
the  top  section  was  1.5  inches  deep  and  the  baffle  plates  were  2  inches 
in  width.  The  bottom  section  was  filled  with  distilled  water  and  the 
top  section  was  positioned  in  such  a  way  that  the  lower  edges  of  the 
baffle  plates  were  immersed  to  a  depth  of  0.5  inches.  In  this  way  an 
enclosed  and  baffled  air  space  1.5  inches  high  was  formed  over  the 
water  surface.  Glass  tubing  inserted  through  the  top  section  of  the 
chamber  provided  intake  and  exhaust  ports.  Air  entering  the  chamber 
was  confined  to  a  path  formed  by  the  baffle  plates.  Between  the  in¬ 
take  and  exhaust  ports,  the  air  path  length  was  27  feet.  The  air  tem¬ 
perature  and  water  temperature  were  measured  by  means  of  copper- 
constantan  thermocouple  junctions  at  three  stations  along  the  air  path: 
at  the  intake  port,  at  the  exhaust  port,  and  at  the  midpoint  of  the  air 
path.  The  dew-point  hygrometer,  a  pump,  and  the  chamber  were  connec¬ 
ted  in  a  closed  circuit  by  means  of  polyethylene  tubing.  The  pump  circu¬ 
lated  air  through  the  chamber  and  dew-point  hygrometer  at  a  speed 
sufficiently  high  to  produce  turbulent  flow  in  the  saturating  chamber.  The 
difference  between  air  and  water  temperature  at  each  station  was 
observed.  A  condition  of  temperature  equilibrium  between  air  and  water 
was  used  as  an  indication  of  saturation.  The  temperature  at  which 
saturation  occurred  was  then  taken  as  the  actual  dew  point  of  the  al:r.  The 
condensation  temperature  or  dew  point  as  ir.dicated  by  the  dew-point 
hygrometer  when  operating  with  various  dew-film  thicknesses  was 
compared  with  the  saturation  temperature.  By  repeated  tests  a  dew-film 
thickness  was  established  which  produced  agreement  of  saturation 
temperature  and  dew  point  as  indicated  by  the  dew-point  hygrometer.  To 
prevent  condensation  from  occurring  in  the  connecting  polyethylene 
tubes  whicli  were  virtually  at  room  temperature,  saturation  temperatures 
less  than  room  temperature  were  used.  This  was  accomplished  by  using 
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water  in  the  chambei*  having  a  temperature  a  few  degrees  below  that  of 
the  room. 

The  accuracy  of  the  dew-point  measurements  is  at  best  equal  to 
the  accuracy  of  the  calibration  of  the Temperature  measuring  system. 

In  addition  there  are  sampling  errors,  and  small  random  errors 
introduced  in  setting  the  dew-film  thickness.  Sampling  errors  are 
difficult  to  evaluate  but  are  suspected  to  exist  when  a  smooth  profile  is 
not  obtained.  Excluding  sampling  errors,  absolute  measurements  are 
probably  accurate  to  0,06“C  and  relative  measurements  are  probably 
accurate  to  0.03  ’C. 

Malfunctioning  of  the  dew-point  hygrometer  was  readily  recognized 
by  observing  the  behavior  of  the  dew-film  thicluiess  meter.  The 
presence  of  water  in  the  sampling  tubes  could  be  detected  by  the  behavior 
of  the  instrument  and  by  readings  of  dew  point  which  were  greater  than 
ambient  temperature.  Water  in  the  sampling  tubes  sometimes  occurred 
as  a  result  of  rain,  fog  or  an  inversion  under  humid  conditions.  The 
sampling  tubes  were  necessarily  cleared  of  water  before  resuming 
measurements.  During  the  observation  periods,  moisture  measurements 
were  made  by  means  of  a  sling  psychrometer.  These  measurements 
were  used  as  a  check  for  gross  error  in  the  dew-point  system. 

7.3.7  Wind  Profiles.  Wind  profiles  were  measured  by  a  set  of 
matched  three -cup  anemometers.  Nineteen  Rikoken*  anemometers 
were  modified,  compared,  and  grouped  in  sets  of  seven  matched  units. 

When  received  from  the  manufacturer,  the  Rikoken  anemometers 
were  equipped  with  gear  trains  and  contact  systems  for  counting  the 


♦Manufactured  by  the  Sanoya  Iron  Works, 
1064  Nakata-machl,  Kanuma-shi 
Tochigi-ken,  Japan 
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turns  of  the  cups.  The  modification  consisted  of  replacing  the  gear  train 
and  contact  system  with  a  photoelectric  counting  system.  The  latter 
system  utilized  a  cadmium  sulfide  pliotoconductive  cell  and  a  No.  51 
light  bulb.  The  light  reflected  to  the  photocell  by  the  mirror  was  inter= 
rupted  by  a  shutter  blade  connected  to  the  shaft  which  was  turned  by  the 
cup  assembly.  In  this  way  the  photocell  was  illuminated  and  shaded 
once  for  each  revolution  of  the  cup  assembly.  The  photoelectric  counting 
system  had  several  advantages  not  afforded  by  the  gear  train  and  con¬ 
tact  system:  (a)  Friction  due  to  the  gear  train  and  contacts  was  elimi¬ 
nated  by  use  of  the  photoelectric  system.  Since  this  wma  the  major 
portion  of  the  friction  in  the  instrument,  its  elimination  resulted  in 
lower  starting  speed.  Also,  the  magnitude  of  this  portion  of  the  friction 
was  hot  the  same  in  each  anemometer  so  its  absence  tended  to  make 
the  anemometer  characteristics  more  nearly  alike,  (b)  The  resolution 
(counts  per  revolution  or  counts  per  met>rr  of  zh  passage)  obtained  by 
using  a  photoelectric  system  which  counted  each  revolution  of  the 
anemometer  cups  was  6,9  times  as  large  as  that  provided  by  the  gear 
train  and  contact  system.  Since  the  anemometer  output  was  in  digital 
or  pulse  form  and  was  recorded  by  means  of  a  digital  counter  (step 
function  integrator),  wind  measurements  having  a  resolution  commen¬ 
surate  with  accuracy  could  be  obtained  for  a  shorter  time  interval 
using  the  photoelectric  system  than  by  using  the  gear  train  and  con¬ 
tact  system,  (c)  Gear  train  and  contact  systems  often  produce 
spurious  counts  caused  by  contact  bounce  and  intermittent  conduction 
at  the  instajit  of  make  or  break.  The  photoelectric  system  produced 
no  spurious  counts,  (d)  Contacts  become  pitted  with  use  requiring 
that  they  be  burnished  or  replaced.  The  photoelectric  system  required 
little  and  infi’equent  maintenance. 

A  unit  having  8  counting  channels  (one  for  each  anemometer  and 
one  spare)  was  used  to  register  the  number  of  revolutions  of  the 
anemometers.  The  circuit  of  a  counting  channel  is  shown  in  Figure  7.28. 
The  circuit  consists  of  a  pulse-shaping  stage,  three  bi-stable  multivi- 
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brators,  and  a  thy ratrnn -driven  electromechanical  counter.  Input  pulses 
from  the  anemometer  were  converted  to  short  rise  time  rectangular  pul¬ 
ses.  The  output  of  the  pulse-shaping  stage  was  then  fed  to  the  three  bi¬ 
stable  multivibrators  which  were  connected  as  a  binai’y  frequency  divider. 
By  means  of  a  selector  switch,  the  thyratron  driven  electromechanical 
counter  could  be  connected  to  the  output  of  the  pulse -shaping  stage  or  the 
output  of  any  multivibrator.  In  this  way  the  electromechanical  counter 
was  caused  to  register  either  each,  every  other,  every  fourth,  or  every 
eighth  revolution  of  the  anemometer.  The  electromechanical  counter 
(mercury  four-digit  reset  type)  was  rated  at  10  counts  per  second.  Since 
the  anemometer  speed  could  exceed  this  rate,  the  binary  frequency 
divider  was  employed.  In  addition  to  enabling  the  counting  circuit  to 
accommodate  a  maximum  input  rate  of  80  counts  per  second,  the  binary 
frequency  divider  reduced  wear  of  the  electromechanical  counter  when 
wind  measurements  were  made  which  did  not  require  the  maximum 
available  resolution. 

The  counting  unit  was  constructed  In  three  assemblies.  The  elec¬ 
tronic  portion  of  the  counting  channels  was  built  on  a  single  chassis. 

The  threshold  controls  and  count -down  (frequency  division)  selector 
switches  were  located  on  this  chassis.  Two  banl«  of  electromechanical 
counters,  a  counter  start -stop  switch  and  a  bank  selector  switch  were 
mounted  on  a  panel.  One  bank  of  counters  could  be  read  and  reset  while 
the  other  was  registering  counts.  In  this  way  successive  profile 
measurements  could  be  made  without  loss  of  data  during  the  reading 
and  reset  periods.  The  power  supply  for  the  system  was  contained  on 
a  single  chassis. 

Prior  to  Project  Prairie  Grass,  the  a:\emometers  were  matched 
by  means  of  a  whirling  device  having  four  horizontal  arms  each  eight 
feet  long.  The  anemometers  were  matched  at  O'Neill  by  mounting 
them  at  the  same  level  on  a  horizontal  support  approximately  two 
meters  above  the  ground  in  an  open  field  as  far  as  possible  from 
obstructions.  ^  The  support  could  accommodate  10  anemometers 
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having  a  horizontal  spacing  of  approximately  1  foot. 

An  anemometer  which  was  representative  of  the  matched  set  was 
selected  as  a  standard  and  Its  calibration  was  determined.  This  anemom¬ 
eter  was  calibrated  in  a  wind  tunnel*  against  a  pitot  tube  which  had  been 
calibrated  by  the  Bureau  of  Standards.  Several  trial  calibrations  were 
run  to  investigate  the  characteristics  of  the  calibrating  procedure  and 
equipment.  Four  independent  calibrations  were  then  made  and  the  average 
was  taken  as  the  true  calibration.  A  check  of  this  calibration  was  made 
using  a  different  procedure  and  different  calibrating  apparatus.**  The 
calibrating  apparatus  consisted  of  an  airtight  room  (located  in  the 
laboratory  building)  having  an  air  intake  nozzle  (9-inch  throat  diameter) 
in  one  wall  and  a  volumetric  flow  rate -measuring  exhaust  nozzle  in  the 
opposite  wall.  By  measuring  the  rate  of  flow  out  of  the  airtight  room, 
the  speed  of  the  air  entering  the  room  through  the  intate  nozzle  could 
be  determined.  The  anemometer  was  placed  in  the  throat  of  the  intake 
nozzle  and  its  calibration  determined.  In  the  velocity  range  of  1  to  4.5 
meters  per  second  this  calibration  was  virtually  the  same  as  the  previous 
calibration.  At  higher  velocities  a  difference  was  obtained.  The  calibra¬ 
tions  differed  by  2  percent  at  5  meters  per  second  and  increased  to  8 
percent  at  15  meters  per  second.  A  pitot  tube  was  recognized  to  be  most 
accurate  at  high  velocities.  The  second  calibrating  technique  was  recog¬ 
nized  to  have  an  accuracy  deficiency  at  high  velocities.  Both  calibration 
techniques  were  unsatisfactory  at  velocities  less  than  1  meter  per  second 
since  the  air  flow  could  not  be  maintained  constant  and  the  zero  error  and 
drift  of  the  manometers  became  large  compared  to  their  readings.  The 
calibration  using  the  pitot  tube,  therefore,  was  accepted  for  the  velocity 


*  Massachusetts  Institute  of  Technology  portable  wind  tunnel  at 
O'Neill,  Nebraska. 

♦*Thi8  calibration  was  performed  at  the  Fan  Test  Laboratory, 

Engineering  Experiment  Station,  Texas  A&M  campus,  October  1956. 


48 


Figure  7,29  View  of  Rikoken  anemometers  installed 
at  heights  of  25,  50,  and  100  cm 


range  of  1  to  15  meters  per  second,  A  tliird  method  was  employed  to 
obtain  a  calibration  point  at  a  velocity  less  than  1  meter  per  second. 
Under  conditions  of  steady  low  velocity,  virtually  laminar  flow  at  a 
height  of  0,5  meters  in  the  atmosphere*  the  wind  velocity  was  measured 
by  observing  tlie  time  required  for  smoke  from  a  cigarette  to  travel 
a  measured  distance,  and  the  corresponding  anemometer  indication 
was  obtained. 

In  measuring  wind  profiles,  the  anemometers  were  installed  at 
the  heights  shown  in  Figure  7,3.  The  three  lowest  anemometers, 


♦These  conditions  existed  at  2100  CST,  22  July  1956  at  O'Neill, 
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those  a.t  25,  50,  aiid  100  cm,  are  shown  in  Figure  7.29.  Each  anemom- 
ete]'  was  carefully  leveled  so  that  the  cups  rotated  in  a  horizontal  plane 
thus  minimizing  the  effect  of  asymmetrical  weight  distribution  in  the 
cup  assembly.  The  revolutions  of  the  anemometers  were  measured 
for  20-minute  periods  and  converted  to  units  of  wind  speed  by  means  of 
tables  derived  from  the  calibration  curve  shown  in  Figure  7.30. 

7.3.8  Summary.  In  measuring  these  micrometeorological  parameters, 
the  method  used  in  each  case  was  designed  to  provide  data  wliich  was  in  a 
convenient  form  for  immediate  reduction.  The  operating  procedure  was 
such  that  the  operator  observed  the  behavior  of  each  measuring  system 
at  least  once  during  each  20-minute  observation  period.  With  the  ex¬ 
ception  of  the  radiation,  wind  direction  and  air  temperature  difference 
measurements  which  were  recorded  on  strip  charts,  all  measurements 
were  recorded  on  data  forms.  These  were  so  arranged  that  all  tabula¬ 
tions  and  computations  per  data  class  were  on  one  page.  All  computa¬ 
tions  were  made  from  prepared  tables,  slide  rule,  and  or  standard  desk 
calculator.  This  enabled  the  operator  to  reduce  the  data  immediately 
after  the  measurements  were  made;  hence,  gross  errors  due  to  malfunc¬ 
tioning  of  the  measuring  equipment  were  noted  and  remedial  action  could 
be  taken  before  measurements  v/cre  resumed. 


Thoutamta  of  Count*  por  20  Mlnutoo 


Figure  7.  30  Anemometer  calibration  curve 
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CHAPTER  8 


MICROMETEOROLOGICAL  DATA  COLLECTED 
BY  TEXAS  A&M 


W.  Covey,  M.  H.  Halstead*,  S.  Hillman, 

J.  D.  Merryman,  R.  L.  Richnaan*,  and  A,  H,  York 
Texas  A&M  Research  Foundation 

This  section  contains  three  groups  of  data  collected  during  Project 
Prairie  Grass.  In  the  first  group  (Table  8.1)  are  micrometeorological 
data  collected  during  the  68  regular  and  the  two  special  gas  releases. 
These  observations  covered  a  period  of  20  minutes  each,  starting  5 
minutes  before  and  ending  5  minutes  after  the  10-minute  period  during 
which  the  gas  was  released. 

The  second  group  (Table  8.2)  includes  similar  observations,  but  at 
times  other  than  tiie  70  gas  release  times.  177  observational  periods 
arc  included  in  this  group. 

The  third  group  (Table  8.3)  contains  soil  moisture  and  soil  density 
data  on  four  days  during  July  and  August. 


♦Present  affiliation:  U.  S.  Navy  Electronics  Laboratory 
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Tabic  8.1 


HOURLY  OBSERVATIONS 
GA.S  RELEASE  NO.  I 

JULY  (1950)  3 

CST  1 1  Of) 

2 

3 

1505 

3 

5 

2205 

4 

0 

0105 

5 

6 

1405 

O’NEILL,  NEBRASKA 

6 

6 

1705 

ILADIATION  (cal''cm2Bcc) 

InsoUitkin 

.0080 

.0048 

-- 

-  1 

.0205 

.0120 

Rcfli'ctfif 

-- 

-- 

-- 

__ 

Net  Radiat lun 

.0050 

.002!) 

-.0013 

-.0010 

.0145 

.0060 

.'.111  and  SOIL  TEMPERATURES  (°C) 

(ni) 

1 0 . 00 

-- 

__ 

— 

.. 

8.00 

21,08 

23.78 

22.41 

20.00 

20.10 

30.19 

4.00 

21.00 

23.79 

21.12 

18,55 

29.72 

30.50 

2.00 

22.12 

23.87 

10.83 

17.50 

30.17 

30.80 

1.00 

2;>  U2 

23.99 

18.45 

10.75 

30.71 

31.09 

.50 

22.05 

24.18 

17.24 

16.00 

31.44 

31,32 

.25 

23.22 

24.54 

16.89 

15.63 

32.05 

31.03 

.12 

23.84 

24.85 

16.55 

15.33 

31.82 

-.03 

24.00 

25.30 

-- 

-  - 

.. 

-.00 

23.11 

24.63 

.. 

-- 

... 

.. 

-.12 

21  VI 

23.20 

.. 

-.25 

21.01 

21  58 

.  . 

-.50 

20.53 

20.38 

.. 

-1.00 

IH  21 

III  18 

-r _ 

-- 

_ 

VAPOR  PRESSURE  (mb) 

10.00 

-- 

-- 

-- 

-- 

.. 

8.00 

18.4.1 

18.62 

18.31 

10.43 

17. 10 

1C.  53 

4  on 

1 II  73 

iH.7;t 

18.44 

16.52 

17.39 

10.  C4 

e.co 

! !!  ni] 

18.88 

18.40 

16.53 

17.73 

10.88 

1.00 

1 1)  04 

10  III 

18.58 

1 6. 58 

18.11 

17.07 

.50 

10.1)1 

1 0. 38 

1 8  58 

16.64 

18.46 

17,24 

.25 

10  77 

1 8. 4fl 

10.  G5 

10.73 

17,30 

.12 

10,05 

20.21 

18.06 

17.29 

19.27 

17,41 

WIND  SPEED  (cm/spc) 

1  16.00 

.. 

... 

.. 

.. 

321 

233 

21 1 

304 

703 

846 

4.00 

216 

113 

202 

651 

765 

WMIH 

190 

44 

120 

593 

680 

1.00 

230 

174 

66 

91 

515 

599 

.50 

206 

154 

39 

52 

448 

523 

.25 

17.3 

122 

1 

17 

378 

439 

WIND  DIRECTION  (doR) 

■||W|rj|||||||H||||M 

150 

180 

1 

Initial  I'lmc 

1450 

mvjjBii 

.. 

Run  Time  (nun) 

-- 

..  - 

.  _ 

-.03 

-.10 

-  - 

Bl^^l 

00 

-- 

B^H 

-.12 

.11 

..  . 

-.25 

-  - 

iB^H 

•  .. 

-.50 

-.02 

^B^H 

•  •• 

-1.00 

bih 

-- 

ilB^I 

-- 

l'retl|iltiillon  (cm) 

-- 

__ 

-  - 

-- 

-- 

I 
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Table  8.1  (Continued) 


IIOURL.V  OBSERVATIONS 

O'NEILL,  NEBRASICA 

OAS  RELEASE  NO. 

1.3 

14 

15 

1C 

17 

18 

JULY  (1956) 

22 

22 

23 

23 

23 

23 

CST 

2005 

2205 

ottos 

1005 

2005 

2205 

RADIATION  (ral/om^socl  1 

Insolation 

.0001 

.0000 

.0101 

0183 

.0001 

.0000 

Reflected 

-- 

-- 

-- 

-- 

Net  liadiallon 

-.0011 

-.0010 

.0050 

.0100 

-.0011 

-.0014 

AIR  and  SOIL  TEMPERATURES  ("Cl 

Dri|,ru  (vti) 

16.00 

22.34 

20,32 

24.61 

27.91 

25.11 

0,00 

19.70 

20.51 

24.82 

27.83 

24.30 

LOO 

21.04 

17.87 

20.78 

25.10 

27,62 

23.83 

2.00 

16.25 

21.44 

25.61 

27.44 

23.52 

1.00 

19.50 

15,31 

22.05 

20.67 

27.32 

23.23 

.50 

18.72 

14.66 

22.63 

27.79 

27.19 

23.03 

.25 

18.15 

14.31 

23.32 

28.64 

27.08 

22.83 

.12 

17.78 

13.60 

23.05 

20.  C3 

27.00 

22.66 

-.03 

26.40 

23.10 

20.75 

20.71 

29.49 

26.30 

27,02 

24.02 

20.43 

23.55 

29.53 

27.08 

-.12 

26.50 

24.95 

21.44 

21,02 

27.20 

26.51 

-.25 

22.17 

22  60 

22.12 

21.79 

22.96 

23.20 

-.50 

20.30 

20.72 

20.68 

20.32 

20.28 

19  02 

19.04 

18.99 

18.54 

18.62 

VAPOR  PRESSURE  (mbi 

10.13 

14.91 

■Ena 

17.66 

... 

10.47 

14.20 

17.39 

18.14 

-- 

10.74 

14.21 

17.41 

18.21 

-  - 

-- 

2.00 

10.00 

14.20 

17.43 

■iwiia 

-- 

1  00 

10.02 

14.25 

17.52 

■iBiia 

.. 

15.86 

14.27 

18.57 

-- 

-- 

i  .25 

15,71 

14.32 

17.05 

18.81 

-- 

1  .12 

10,71 

14.99 

17.77 

-- 

-- 

WIND  SPEED  (cm./soc) 

1000 

343 

445 

-- 

378 

555 

204 

348 

378 

302 

455 

486 

4.00 

108 

225 

354 

340 

375 

2,00 

140 

139 

322 

331 

341 

322 

1.00 

74 

290 

296 

287 

266 

.50 

41 

201 

2c;. 

237 

229 

.26 

18 

16 

215 

225 

186 

\VU 

T)  DIRECTION  (den 

[) 

1,58' 

:  v' 

-:r- 

193 

202 

172 

188 

SOIL  TEMPERATURE  CHANGE  (“Cl 

Initial  Tiiiio 

1952 

2160 

0752 

2155 

Run  Tune  (iiiln) 

25 

30 

24 

1  9.1 

20 

22 

-.03 

-1.08 

-.68 

.79 

1.54 

-.78 

-.83 

-.0(1 

-.03 

-.60 

.32 

-.70 

-.1!! 

-.07 

-.18 

-.04 

.17 

-.25 

-.25 

.04 

-.04 

-.07 

-.50 

-.05 

-.04 

-I.OO 

-.04 

1  .02 

_ 2!L. 

1  00 

-.01 

Table  S.l  (Continued) 


I’rc'cljilliitlon  (cm) 


Table  fi.  1  (Continued) 


32 

33 

34 

35h 

O'NEILL,  NEBRASKA 

35  36 

(i 

7 

7 

7 

II 

11 

2005 

1305 

1505 

2305 

2135 

2335 

RADIATION  (cnl/em^soc) 

.0000 

.010-1 

.0174 

-- 

-- 

-- 

-.0013 

.0109 

.0113 

-.0097 

-.00091 

-,00085 

ffl 

21.71 

29.09 

23.03 

23.57 

20.74 

27.  HI) 

29.21 

22.08 

22.30 

10.81 

mm 

28. 1 0 

29.08 

22.47 

21.04 

19,32 

22  93 

28  73 

.30.19 

22  28 

19.73 

18.94 

22.-15 

29  10 

30.  Oil 

22.17 

19.13 

18,03 

22.0(1 

29. 0-) 

31.45 

22.05 

18,47 

18.10 

21.00 

32.13 

21.94 

18  34 

10.19 

2I  3H 

30.01 

.32.02 

21  79 

18.21 

17.98 

?.ii  :v.i 

.29. 57 

.31.07 

23.42 

24.85 

23.15 

20  -12 

27.07 

28.90 

24  41 

20.0.3 

24.41 

2<i.  IH 

23.-13 

24.80 

25.22 

20.27 

25.49 

2-1  (K) 

22. 58 

22.73 

23.93 

23.78 

24.01 

21.(10 

21  (12 

21,91 

21.0,3 

21.74 

1!)  y-i 

19.(19 

19.9.3 

20.011 

19  99 

20.08 

IBIiyilMnMiHifB 

i;i.K2 

1 0.0-1 

17.00 

19,99 

18.30 

M  39 

10.97 

17.21 

20. 1 2 

18.93 

18.43 

15.0« 

17. 10 

1 7.  .38 

20.17 

19.00 

18.44 

1.5. 5-1 

17-11 

17,51 

20.17 

18.44 

I  5. 011 

17.02 

IV,  70 

20,23 

18.52 

IG.Ol 

17.77 

11.97 

20.27 

19.32 

18.83 

10.09 

10.09 

18. 10 

20.27 

18.59 

1 8,  59 

LiAiiLj 

!  i*  ;»(• 

18  2ii 

20.33 

1(1,59 

18.83 

WIND  SPEED  (om/soc) 

(i(»9 

1314 

0.39 

421 

404 

-112 

1128 

520 

318 

2IIH 

U'\H 

1052 

1.34 

253 

21.3 

vnii 

!);'o 

.373 

180 

ISO 

100 

(i!H) 

ll-IO 

310 

no 

137 

130 

finu 

7ih; 

281 

88 

1 10 

95 

L 

587 

231 

45 

81 

WIN'D  DIRECTION  (dtK) 

1 0(1 

171 

140 

104  _ 

97 

1 51 

SOIL  TEMPERATURE  CHANGE  (“O 

1 050 

1250 

14.50 

2255 

2120 

2320 

27 

27 

28 

21 

20 

30 

.10 

.14 

-.38 

-.47 

-.35 

-.55 

.0-1 

.31 

-.39 

-.38 

-.09 

.22 

.25 

-.19 

-.12 

-.23 

.05 

-.12 

.02 

.12 

00 

.01 

-.11 

-.04 

.05 

.04 

.01 

-.mi 

-.03 

■04 

.04 

00 

Table  8,1  (Continued) 


IIOUHLY  OBSERVATIONS 

O'NEILL,  NEBRASKA 

GAS  RELEASE  NO. 

37 

36  30  40  41 

42 

AUGUST  (19Sfl) 

12 

12  13  14  14 

14 

CST 

0305 

0505  2235  0035  0305 

0505 

RADIATION  (cal/cm2Bcc) 

Insolation 

-  - 

Hcfloctcd 

Net  Radiation 

1 -.00007 

-.00085 

lleighl  (m) 

10.00 

21.02 

20.07 

8.00 

20.00 

10.93 

4.00 

20.70 

19.84 

2.00 

20.05 

19.82 

1.00 

20.55 

I9.C5 

.50 

20.41 

19.34 

.25 

20.3,3 

19.48 

.12 

20.22 

19.37 

-.03 

21.68 

21.50 

-.06 

22.09 

22.  37 

-.12 

24.21 

23  02 

-.25 

23.83 

23  02 

-.50 

21.80 

21. SI 

-1.00 

20.08 

20.05 

VAI 

19.01 

19.77 

10.02 

19.77 

19.03 

19.02 

2.00 

19.02 

19,75 

19.03 

19.73 

,50 

20.11 

20.00 

.25 

19.08 

10.72 

.12 

19.04 

19.73 

AIH  and  SOIL  TEMPKlUTLIItES  ("C 


WIND  DIRECTION  (dc 


Initial  Time 
Hun  Time  (min) 


SOIL  TEMPEHATUnE  CHANGE  (°C) 
0400  r  222(1  p0020  0250 

20  28  28  28 


Preclplliillon  (cm) 


Tnbl<*  8. 1  (CoiUlnuod) 


i 

» 

K 


HOURLY  OBSERVATIONS 

OAS  RELEASE  NO. 

43 

44 

45 

46 

47 

AUGUST  (1956) 

IS 

15 

15 

IS 

20 

CST 

1205 

1405 

1705 

1850 

1005 

■  - 

RADIATION  (cal/cniZsptl 

lASolntion 

.0178 

.0104 

.00443 

.00035 

.0187 

Reflected 

.0030 

.0026 

.00080 

.00313 

Net  Radiatlun 

.0108 

.0007 

.0014 

-.0014 

.0108 

AIR  and  SOIL  TEMPERATURE.^  (C) 

IIciKhi  (in) 

16.00 

31.03 

33.92 

33.12 

10.81 

8  no 

32.00 

34.37 

34.75 

33.01 

17.10 

32.00 

34.73 

32.90 

17.47 

2.00 

33.05 

35.43 

32.74 

17.73 

31.17 

30.00 

35.28 

32.57 

18.46 

.50 

34.92 

35.59 

32.44 

10.20 

.25 

35.76 

37.60 

35.82 

32.32 

20.13 

.12 

36.64 

38.64 

35.85 

32.20 

21.30 

33.60 

37.31 

35,56 

32.59 

18.27 

-.06 

28.82 

32.25 

31. 07 

17.79 

-.12 

24.63 

2G.11 

ffflPpW 

28.32 

18.21 

-.25 

23.75 

23  72 

24.11 

24.40 

20.24 

-.50 

22.20 

22.25 

20.96 

-t.OO 

20.13 

20.08 

20.28 

VAPOR  PRESSURE  Imb) 

n.03 

10.04 

11.41 

-• 

12.20 

11.17 

12.17 

11. SI 

12.30 

11.10 

<2.18 

11.57 

12.40 

11.15 

12.21 

11.03 

12.50 

11.19 

12.20 

11.04 

.50 

12.01 

11,30 

12.31 

11.64 

— 

.25 

12.74 

11,33 

11.68 

.12 

12.05 

11.41 

12.34 

WIND  SPEED  U  m/an  ) 

TOS" 

760 

788 

707 

394 

8.00 

719 

735 

707 

374 

4.00 

505 

605 

356 

2.00 

522 

- 

602 

556 

332 

l.OO 

406 

531 

486 

302 

.50 

411 

460 

428 

270 

.25 

343 

307 

378 

364 

-- 

WIND  DIRECTION  (dCK) 

M^|||B|||||H|||||| 

108 

153 

134 

-- 

«OIL  T.EMPERATURE  CHANGE  CO 

Inlliul  7'lmc 

1150 

iC60 

T83b 

0951) 

Run  Time  (min) 

27 

28 

20 

27 

26 

-.03 

.07 

.21 

-.57 

-.77 

1.87 

Co 

.60 

.52 

-.25 

-.40 

.70 

-.l'2 

.22 

.36 

.13 

-.05 

.03 

-.25 

-.09 

.03 

.08 

.05 

.03 

-.50 

-.03 

-.02 

-.02 

-.04 

-.04 

-1.00 

-.02 

-.01 

00 

-.07 

Pi'uuipltittlon  (nm) 


O'NEILL,  NEDRASICV 
48s  48s  48 

20  20  21 

1205  1255  0905 


Table  8. 1  (Continued) 


IIOUHLY  OBSERVATIONS 

O'NEILL,  NEBRASKA 

GAS  RELEASE  NO. 

55 

50 

57 

58 

59 

60 

AUGUST  (1950) 

25 

25 

25 

25 

25 

26 

CST 

0105 

0305 

1735 

2235 

RADIATION  (cal/cin^scc) 

Insolation 

-- 

.0054 

Reflected 

-- 

.00087 

_ 

Net  R.idlatlon 

-.0015 

-.0014 

1.0013 

-.0013 

-.0014 

-.0014 

AIR  and  SOIL  TEMPERATURES  (°C) 

IIeli;llt  (]n) 

10.00 

n.iY 

15.811 

33.54 

29.50 

20,01 

20.49 

8.00 

17.08 

15.70 

33.70 

20.49 

25.34 

20.17 

>1.00 

10.90 

15.  >17 

33.91 

27  10 

24.31 

25.91 

2.00 

10.75 

1.5.29 

.34. 1 1 

23.04 

23.00 

25.76 

1.00 

10  05 

15.15 

34.19 

25.04 

23.13 

25.49 

.50 

1  0  >18 

15.03 

34  33 

20.13 

22.82 

25.35 

.25 

10.37 

14.91 

34.52 

24.02 

22.58 

25  14 

!2 

1  cG 

14.77 

3-1.01 

24.50 

22.29 

24.98 

-.03 

20. 50 

19.42 

31.70 

28.09 

24.52 

23,28 

-.00 

21. '13 

29  54 

27.97 

25.12 

23.87 

-.12 

23  58 

22  75 

25.51 

25.-90 

25.10 

24.4(1 

-.2ri 

23.0'! 

22.112 

22.19 

22.49 

22.99 

23.09 

-.50 

21  02 

21.02 

20. 89 

20.78 

20.00 

20.94 

-1.00 

iOelli 

19.51 

19.511 

19.00 

VAPOR  PHK.S.SURE  (mb) 

10.00 

II  72 

1  2. 37 

12.39 

12,82 

11,89 

II.  00 

1  1.73 

i2..7i 

. 'i.l 

12,09 

11.90 

>1.00 

1  1  (3 

1.2  29 

1 2  55 

13.05 

1  J.U7 

2.00 

1 1  v:i 

12.39 

12.511 

13.11 

1 1,97 

1.00 

1 1  VI 

.12.39 

1 2  59 

13.10 

12.01 

.00 

1 1  7:;' 

1 2  30 

12  01 

13  14 

12.04 

.25 

1  1.73 

12.30 

.12.03 

-- 

13  15 

12.00 

.12 

1  1.72 

1 

12  05 

-- 

13.15 

12.08 

WIND  SPEED  (cm/si'O) 

10.00 

830 

704 

yoo 

572 

028 

723 

11.00 

755 

019 

879 

4.33 

402 

595 

>1.00 

079 

540 

824 

311 

34.7 

533 

2.00 

5!I>1 

•1 

I'M) 

201 

457 

1.00 

517 

>115 

042 

105 

202 

404 

.50 

>I>10 

•  Ml} 

550 

1.31 

108 

340 

,25 

37>1 

:?!m 

409 

103 

134 

204 

J 

WIND  DIRECTION  (doii 

_ _ _ 

1,00  " 

M3 

1311 

185 

158 

ion 

182 

. 1 

.SOIL  TEMPERATURE  CHANGE  (°C) 

_  1 

Iiolial  Tone 

0050 

0250 

1722 

1923 

2227 

0026 

Run  Time  (niln) 

20 

20 

2.5 

25 

10 

1  0 

“.U.J 

-  2>1 

-.21 

.07 

-.00 

-.00 

-.2! 

-.22 

-.51 

-.24 

-.17 

-.12 

-.17 

-.22 

.10 

-.03 

-.13 

-.13 

-.25 

-.01 

-.04 

.11 

-.03 

-.50 

00 

00 

WSSM 

.03 

.01 

-1.00 

00 

-.02 

■kH 

.02 

l’ri  ei|iilall(ni  (cm) 

-- 

-- 

— 

-- 

62 


Table  8.1  (Continued) 


HOURLY  OBSERVATIONS 
GAS  RELEASE  NO.  61 
AUGUST  (1656)  27 

CSV  1105 


Table  8.1  (Continued) 


02 

03 

64 

85 

66 

27 

27 

27 

29 

28 

1405 

2005 

2230 

1930 

RADIATION  (ca!/cm*8ec 


Height  (m) 
10.00 
8.00 
4.00 
2.00 
1.00 
.50 
.25 
.12 
-.03 
-.08 
-.12 
-.25 
-.50 
-1.00 


-.0011  -.0005  -.0022  -.0018 


AIR  and  SOIL  TEMPERATURES  (°C1 


29.80 

29.77 

29.52 

26.77 

25.98 

22.02 

30.41 

30.00 

27.27 

23.85 

25.01 

21.22 

31.00 

30.40 

25.54 

22.10 

25.22 

20.65 

31.03 

30.75 

24.07 

20.90 

24.06 

20.16 

32.29 

31.15 

21.41 

10.60 

24.70 

19.88 

33.20 

31.58 

19.24 

18.70 

24.57 

19.57 

34.10 

32.10 

18.17 

18.16 

24.30 

19.27 

34.01 

32.35 

17.57 

17.83 

24.04 

18.90 

30.12 

30.02 

26.84 

23.46 

.. 

25.80 

28.50 

27.33 

24.08 

.. 

23.60 

25.44 

20.30 

25.54 

.. 

23.19 

23.01 

23.77 

23.98 

.. 

21.40 

21.39 

21.55 

21.50 

.. 

19.00 

19.01 

19.56 

19.78 

VAPOR  PRESSURE  (mb 


5.33 

5.68 

5.87 

5.58 

5.16 

4.80 

4.60 


"oa - 


980 

632 

207 

307 

768 

926 

003 

105 

209 

C26 

.. 

563 

139 

109 

530 

782 

518 

116 

120 

455 

700 

401 

26 

46 

303 

614 

405 

-- 

26 

339 

520 

343 

-- 

277 

WIND  DIRECTION  (deg) 

l~i89  ■[  ■  -  “T~::n 


SOIL  TEMPERATURE  CHANGE  (°C 
1353 


HOURLY  OBSERVATIONS 
GAS  RELEASE  NO.  C7 
AUGUST  (1950)  JO 

CST  0035 


Insolation 

,  * 

RcIIcctod 

-- 

Net  Radiation 

-.0011 

Holl'Mt  (in)  1 

10.00  1 

21.12 

8.00 

20.88 

4.00 

20.00 

2.00 

20.55 

l.OO 

20.38 

.50 

20.21 

.25 

20.10 

.12 

20.02 

-.03 

-- 

-.06 

-.12 

-- 

-.25 

-.50 

-- 

-1.00 

-- 

10.00 

8.00 

4.00 

-- 

2.00 

.. 

1.00 

-- 

.50 

.. 

.25 

.12 

-- 

16.00 

8.00 

4.00 

2.00 


748 

015 

521 

144 


1.00 


385 


.50 

.25 


330 

274 


4TO'(5' 


108 


Initial  'I'lnic 
Run  Tlniu  (mln) 
-.03 

..5o 

-.12 

-.25 

-.00 

-1.00 


l>i'<!cl|)l(ullon  (cm) 


TubloS.l  (Continued) 


Tablo  ti.2 


HOURLY  OBSERVATIONS 

July  10, 

1956 

O'NEILL,  NEBRASKA 

C3T 

iau5 

1405J 

ISOS 

1005 

1705 

1805 

IHHHHHiHilllllilllllillHHH 

Insolation 

^225 

.0212 

.0187 

.0150 

»]ini 

.0066 

Roflcftcd 

.0040 

.00.19 

.0030 

.0027 

Wiiwtl 

.0015 

Not  Itadlallon 

.0138 

,012a 

.0108 

.0085 

.0025 

AIU  and  SOIL  TEMPEiUTUIlES  (“Cl 

Height  (m) 

Ifi.OO 

28.55 

28.71 

29.22 

29.85 

29.90 

29.89 

8.00 

20.00 

29.01 

29.57 

30.18 

30.15 

30.12 

4.00 

29.21 

20.75 

30.01 

30.57 

30.34 

2.00 

29.04 

30.27 

30.34 

30.73 

at.io 

1.00 

30.50 

31.21 

31.10 

31.6! 

31.47 

30.79 

.50 

32.01 

31.09 

32.01 

32.30 

32.01 

31,00 

.21) 

32.93 

33.10 

33.30 

33.22 

32.58 

31.16 

.12 

33.92 

34.33 

34.27 

-J4.I6 

33.06 

31.36 

-.03 

33.68 

34.89 

35.41 

35.22 

33.74 

31.75 

-.00 

20.89 

30.53 

31.58 

32.08 

31.77 

30.82 

-.12 

23.25 

24.23 

25.34 

20.10 

20,77 

27.19 

-.25 

21.01 

21,11 

21.27 

2i  .55 

21.84 

22,17 

-  fiO 

20.07 

20.00 

19.09 

19.97 

18.23 

18.19 

18.22 

18  22 

18.20 

_ 

VAPOR  PriESSURE  (mbl 

1  10.00 

■XiEI 

12.00 

12.12 

13.28 

13.16 

13  41 

a.  00 

12  97 

13.07 

13.81 

13.87 

13.59 

4.00 

msBrn 

13  02 

13.10 

13.87 

13,72 

13.63 

Bra 

13,00 

13  16 

13.75 

13.69 

1.00 

Bra 

13.18 

13.42 

14.15 

13.85 

13.78 

Bill 

13.50 

13.63 

14.52 

13.98 

13.88 

.23 

Bra 

13.85 

13.04 

14.65 

14.16 

13.03 

.12 

■ml 

14.15 

14.31 

15.12 

14.32 

14.02 

WIND  SPEED  Icm/BGC) 

“i^.o'o 

362 

611 

827 

8.00 

314 

508 

433 

461 

540 

710 

324 

481 

408 

427 

4DB 

047 

208 

444 

452 

572 

1.00 

277 

402 

350 

353 

406 

.50 

240 

352 

300 

308 

350 

132 

.25 

203 

295 

257 

253 

288 

302 

WIND  DIRECTION  (dnR) 

1.00 

205 

1  -- 

1  171 

-- 

SOIL  TEMPERATURE  CHANGE  C'C) 

Initial  Time 

1253 

-- 

1452 

■vtylk 

-- 

Run  'I'linc  (niln) 

-- 

29 

mmm 

-- 

-.03 

.65 

BB 

-- 

-.00 

.85 

-- 

■9 

-.12 

.55 

.3!) 

B9 

-- 

-.25 

.02 

.08 

B9 

mSM 

-- 

-.DO 

-.05 

— 

-.04 

-.01 

-- 

-1.00 

0 

— 

-.01 

i  « 

-- 

I’i'i  irlpiliillim  (cm) 

— 

-- 

— 

66 


TaliloO.  2  (Co:itinu(.‘(l) 


IlUUIlLiY  OIISKUVATIONS 

.luly  10,  1050 

O’NEltL,  MIilBftAtJCA 

CST  1  lilUS  1 

2005  1 

2105  1  0005*  1 

0105*  0205* 

IIADIATION  (( 

Inaolutioii 

.0002 

-- 

.0004 

_ _ 

_ 

Ni't  liadiiOioM 

-.0004 

-.0010 

•  .01)14 

(m) 


All'  and  .soil.  Ti:MI'i:i{A'n; lii ISXi 


in 

1 

VAI’UH  PKKSSIJIfK  (inl>L 

ri3-T  n.nr,  'r  '-p 


WINt)  KI'KKU  (i  iii,  HIM  ) 


I’ri  i  i|)ilalli)n  (i-in) 
•July  11,  HISC 


HOUHLY  OBSEnVATIONS 


Table  8.2  (Continued) 


July  11,  1!)38 


O'NEILL,  NEBRASKA 


1  CST 

0305 

Insol, at  Ion 

Ilpflcctcd 

Not  Ibidlntlon 

-.0010 

0305  0405  0505  0005  0705  0305 


RADIATION  (cal/cni^sec 


Tablo  6.2  (Continued) 


IIOUULY  OBSERVATIONS  July  II,  1B56  O'NEILL,  NEBRASKA 


_ 

_ J 

CST 

0905  1 

1105  1 

1305  1 

BUI 

wm 

1605 

1 

RADIATION  (cal/c.'ii2sec)  1 

Iniiolntion 

■HldM 

til  [gM 

.0190 

HFuni 

■Q|k  m 

IQeqH 

liflfloclotl 

BBAiM 

.0037 

Not  Radiation 

.0125 

.0123  1 

1  AIR  and  SOIL  TEMl'fiaTUIUiS  CO  1 

Ili'ii'lit  (m) 

1 

le.oo 

-- 

27.13 

29.54 

31.20 

32.47 

8.00 

25.06 

27.27 

30.00 

31.67 

32.83 

33.38 

■1.00 

25.38 

27.93 

30.40 

32.13 

33.32 

33.81 

2,00 

25.87 

20.11 

31.39 

32.85 

34.11 

34.33 

1,00 

26.09 

29.84 

32.22 

34.80 

35.23 

,50 

26.77 

30.40 

32.98 

33.97 

35.75 

36.10 

,25 

27.30 

Hiirfl 

33.82 

35.26 

30.98 

37.17 

.12 

27.69 

BPa 

34.71 

38.02 

37.76 

-.03 

24.42 

29.29 

34.30 

35,52 

36.46 

36.00 

-.00 

23.37 

29  04 

31.12 

32.34 

32.72 

-,12 

23  04 

23  40 

24.68 

25.53 

26.28 

27.10 

-.25 

22.5b 

22.34 

22.34 

22.30 

22.50 

22. 5B 

-.50 

20.41 

20.37 

20.40 

20.34 

20.38 

20.26 

-1.00 

18  27 

1H.2I 

18.25 

18.21 

18. 20 

18.18 

VAPOR  PRE.S.SUHE  (mb) 

10.00 

I!).  If 

“23.ir 

23.14 

22.62 

24.01 

23.55 

19.17 

23.48 

23.02 

22.94 

24.31 

■1.00 

19.20 

23  57 

23.40 

23  III 

24.45 

23.74 

19.20 

23.78 

23  40 

23.22 

24.75 

23.80 

1.00 

19  34 

23.98 

23.54 

24.04 

24.19 

,50 

19.51 

24.31 

23.73 

23.57 

24,09 

24.15 

.25 

20,05 

24.61 

24.00 

23.85 

24.91 

24,55 

.12 

20.21 

25.07 

24.58 

24.20 

24.88 

24.75 

WIND  .SPEED  (cin/HCc) 

735 

070 

OU4 

486 

630 

b.UU 

023 

084 

020 

-- 

463 

628 

4  1)0 

837 

034 

575 

533 

435 

2  1)0 

701 

582 

530 

490 

515 

1.00 

003 

519 

471 

439 

KM 

484 

.50 

585 

460 

410 

390 

320 

429 

2r» 

527 

380 

350 

321 

261 

WIND  DIRECTION  (dci:) 

[  " 

r  ■- 

[ 

r-- 

... 

1 

•SOIL  TEMPERATIIKE  CTIANdE  C'C) 

III  It  lid  'I'iiiK’ 

"(isscT 

1050 

1350 

1453 

1550 

Run  Tliiiu  (mill) 

20 

26 

■IH 

27 

25 

27 

■  oy 

t.87 

«).12 

♦.07 

♦.52 

mEM 

-.23 

...00 

+.37 

1.76 

♦.08 

4.37 

1  4.dD 

♦  11 

...12 

0 

♦  .17 

+.31 

+.34 

■El 

♦.25 

...20 

-.05 

-.03 

0 

♦  .01 

imssm 

...50 

0 

-.01 

-.02 

■T  ■ 

-.03 

-1.00 

U 

1  -.02 

-.04 

-.02 

1  -.01 

I’l  l  <d|illiitlim  (till) 

-- 

.. 

-- 

-- 

-- 

69 


70 


HOURLY  OBSKHVA'l'lONS 


Table  8.2  (Continued) 
July  23,  1950 


O'NEILL,  NEBRASKA 


CST 


1705 


1805 


1005 


2105 


1  2305 

0005* 

IIADIATION  (caI,A:m2flnc) 

Inaulatlnii 

.0099 

.0000 

.0018 

-- 

-- 

Rcfluctcd 

-- 

-- 

-- 

-- 

Net  Iladiatlon 

.0042 

.0017 

-.0007 

-.0011 

-.0014 

-.0014 

AIR  and  SOIL  ti-:mi>I';ratuue.s  rc) 

H('li;ht  (m) 

31.21 

31.05 

29.90 

20.83 

23.08 

c't. 

31.48 

31.27 

30.04 

20  49 

23.13 

4.00 

31.93 

31. .52 

30.04 

20  1 8 

22.00 

32.37 

31.77 

:iu.oi 

20.01 

22.34 

23.55 

32.05 

31.90 

3U.02 

25.70 

22.07 

23.15 

.50 

33.10 

32.20 

30  01 

25.58 

21.74 

22.59 

.25 

33.01 

32.50 

30.01 

25.40 

21.51 

22.27 

.12 

34.06 

32.09 

30.03 

25.22 

21.33 

21.99 

-.0.3 

34.40 

33.20 

31.31 

27.98 

25.27 

24.00 

-.00 

32.77 

31.84 

30.08 

28.31 

2U.2U 

25.09 

-.12 

20  98 

27.30 

27.28 

20.95 

20.16 

20.07 

-.25 

22  19 

22.52 

22  74 

23.17 

23.44 

23.75 

-.50 

20  31 

20.38 

20.32 

20.32 

20.38 

20.05 

-1.00 

18.58 

18.54 

18.54 

18.54 

1 8. 05 

18.93 

VAl’OR  PRUSSURK  tinb) 

io.ou 

■  -  • 

-  - 

1.5.33 

18.17 

104 

H.OU 

-- 

-- 

-- 

15.38 

15.17 

10  46 

4,00 

-- 

-- 

__ 

10.20 

15.17 

10.50 

2,00 

-- 

-- 

15.74 

15.12 

10.43 

1,00 

- 

-- 

15.81 

15.09 

10.34 

.50 

-- 

-- 

15.53 

15.13 

10.30 

.25 

-- 

-- 

15.71 

15.10 

10,11 

.12 

-- 

-- 

15.58 

15.15 

10,11  , 

WIND  SPKKIV  (rm.'flcc) 

10.00 

037 

778 

731 

532 

575 

4K7 

8.00 

000 

706 

835 

410 

474 

308 

4.00 

537 

007 

508 

341 

385 

34! 

2.00 

487 

-- 

__ 

278 

330 

208 

1. 00 

449 

505 

437 

233 

279 

2**1 1 

.50 

390 

442 

377 

170 

241 

207 

.25 

320 

368 

310 

100 

174 

108 

WIND  DIRIICTION  (del 

d 

1.00 

190 

180 

170 

100 

200 

259 

SOIL  TliMI’KliA  l  llRK  ClIANGK  (  C) 

Iiilllal  Time 

1057 

1753 

1850 

2050 

2252 

2352 

Run  Time  (iiiln) 

20 

13 

27 

27 

33 

25 

-.03 

-.02 

-.70 

.68 

-.40 

-.33 

-.00 

-.35 

-.38 

-.48 

-.58 

-.43 

-.31 

-.12 

.37 

.22 

u 

-.20 

-.24 

-.17 

-.25 

-.04 

.10 

.12 

.00 

.07 

u 

-.50 

-.15 

-.01 

0 

0 

.07 

,01 

-1.00 

-.12 

u 

0 

0 

.01 

-.01 

I’l'cirljjiliitlo.n  (cm) 
•  July  24,  1956 


Table  8.2  (Continued) 


HOURLY  OBSERVATIONS  juiy  24,  1056  O'NEILL,  NEBRASKA 


1  CST 

0105 

0205 

0305 

0405 

0505 

0605 

RADIATION  (cal/cm^scc) 

Inaolntlon 

- 

-- 

-- 

.0001 

Reflected 

-- 

-- 

.0000 

Net  Radiation 

•.out  4 

-.0017 

-.0016 

.0017 

-.0018 

-.0008 

AIR  .and 

(ill) 

24.31 

24.17 

23.08 

21.93 

23.83 

21.73 

23.05 

21.47 

23.30 

21.23 

.25 

23,05 

20.91 

.12 

22.80 

20.64 

-.03 

24.23 

23.71 

25.04 

24.58 

-.12 

25.65 

25.20 

-.25 

23.76 

23.75 

-.50 

20.70 

20.74 

IH  03 

18.92 

SOIL  TEMPEftATIIRES  CO 


19.64 

18.74 

20.62 

■HR^I 

10.52 

18.70 

20.35 

19.27 

19.41 

18.68 

20.18 

19.08 

19.25 

18.60 

19.96 

18.95 

19.13 

18.50 

19.62 

18.68 

18.95 

18.43 

19.32 

18.48 

18.89 

18.34 

10.02 

18.33 

18.62 

18.26 

22.02 

22.37 

21.91 

21.60 

24.02 

23.50 

23.00 

22.04 

24.96 

24.66 

24.32 

23.99 

23.70 

23.70 

23.62 

23.52 

20.80 

20.84 

20.88 

20.91 

18.93 

18.94 

18.94 

18.05 

_WINp  SPEED  (ctn/BOC) 


itrdo 

060 

605 

530 

637 

642 

584 

3.00 

559 

472 

418 

495 

542 

•107 

415 

371 

435 

483 

2.UG 

375 

358 

319 

3711 

41  1 

321 

307 

270 

328 

378 

380 

,50 

204 

267 

220 

287 

33U 

330 

.25 

240 

222 

197 

244 

281 

289 

WIND  DIRECTION  (diif) 

1.00 

320 

320 

320 

320 

320 

320  _ 

SOIL  TEMPERATURR  CHANGE  (  C) 

lililial  'I'lmo 

0051 

0157 

023B 

0450 

0051 

Run  7'imi'  (niUi) 

25 

10 

20 

27 

27 

25 

-.03 

-.12 

.12 

-.11 

-.CS 

-.17 

-.12 

-.15 

-.12 

-.15 

-.10 

-.14 

-.25 

-.01 

0 

-.06 

-.50 

.02 

.06 

-.02 

-1,00 

0 

HDi 

.03 

-.02 

Prcclpllittlon  (cm) 


I'icciplliillon  (cm) 


HOURLY  ODSERVAl 


CST 


Insolation 
Reflected 
Net  Radiation 


llei('hi  (m) 
IG.OO 
8.00 
4.00 
2.00 
1.00 
.50 
.25 
.12 
-.03 
-.00 
-.12 
-.25 
-.50 
-1.00 


lOtT 

8.00 

4.00 

2.00 

1.00 

.50 

.25 

.12 


'l^OtT 

8.00 

4.00 

2.00 

1.00 

.50 

.25 


TTM 


Initial  Time 
Hun  Time  (niln) 
-,na 
-.00 
-.12 
-.50 
-1.00 


l‘ri.'elj)ltatlon  (cm) 


Table  8.2  (Continued) 


IONS 

July  24, 

1956 

O'NEILL,  NEBRASKA 

1305 

1405 

1505 

“1 

1005 

1805 

1995 

.RfiDIATlON  (cal/em^Boe) 

.0222 

.0183 

.0150 

.0010 

.0039 

.0030 

.0017 

.0127 

.0109 

.0080 

.0014 

-.0011 

AIR  and  SOIL  TEMPERATURES  (°C) 

27.71 

28.00 

29.04 

29.09 

28.45 

28.11 

28.83 

29.39 

29.63 

29.10 

28.51 

28.75 

29.50 

30  07 

ao  \9 

29  54 

28.54 

29.93 

30.08 

30  74 

30.83 

28.50 

30.35 

31.11 

31.44 

31.24 

.30  OR 

28.59 

31.32 

32.05 

32.17 

31.84 

30.30 

28.69 

32.54 

32.04 

33.08 

32.42 

30.72 

28.65 

33.36 

33.77 

33.08 

33.26 

31.17 

28.63 

34.60 

36.12 

36.74 

36.43 

33.54 

31.58 

30.03 

31.45 

32-52 

32.95 

32.03 

30,09 

24.98 

25.77 

20.47 

27.17 

28.04 

28  UB 

22.84 

22.04 

23.03 

23.45 

23.69 

20.98 

21.03 

21.01 

20  99 

20.87 

20.85 

18.82 

18.84 

18.80 

1H.75 

18.87 

18.87 

VAPOR  PRESSURE  (mb) 

11.29 

10.51 

16.40 

12.25 

11.82 

11.00 

11.89 

IC.OI 

12.38 

11.84 

11.08 

12.00 

io.ut 

12,38 

11.00 

11.05 

lEill 

10.45 

12.30 

11.78 

11.08 

11.79 

10.70 

10.44 

12.35 

11.90 

12.19 

11.93 

10.81 

10.40 

12.20 

12.24 

12.70 

11.93 

10.92 

10.57 

12.30 

12.33 

12.84 

12.21 

17.14 

10.57 

12.36 

WIND  aPKBD  (cm/Bee) 


85(1 

790 

825 

487 

503 

793 

707 

745 

588 

427 

688 

398 

657 

611 

501 

370 

330 

595 

540 

554 

444 

337 

291 

540 

485 

507 

401 

296 

259 

477 

420 

434 

353 

224 

WIND  DIRECTION  (den) 

340  1 

340 

-- 

.. 

r  - 

L 

_ 

SOIL  TEMPERATURE  CHANCE  ("O 

1250 

1350 

1450 

1554 

1752 

1850 

27 

27 

20 

27 

23 

.64 

.45 

.01 

-.43 

-.63 

•  .02 

.74 

-.33 

-.52 

.32 

.30 

.30 

.28 

.05 

-.02 

.91 

.03 

.00 

.10 

4.06 

-.01 

-.02 

0 

0 

74 


HOURLY  OBSERVATIONS 


CST 

2005 

Insolation 

.0002 

Reflected 

-- 

-.0015 

IIolRht  (m) 

27.19 

8.00 

26.47 

4.00 

25.28 

2.00 

23.83 

1.00 

22.04 

.50 

21.68 

.25 

21.02 

.12 

20.26 

-.03 

29.13 

-.00 

29.62 

-.12 

27.94 

-.25 

23.05 

-.50 

20.95 

-1.00 

18.91 

Tsrro 

8.00 

4.00 

2.00 

1.00 

.50 

.25 

.12 


12  30 
12.28 
12.20 
12.22 
12.20 
12.33 
12.22 
12.18 


iS.OO 

417 

8.00 

317 

4.00 

2.00 

149 

1.00 

85 

.60 

36 

.25 

26 

TTC3 


Inillal  Time 

1951 

llun  Time  (min) 

26 

n*j 
— ,  wu 

-.00 

-.12 

-.26 

-.50 

-1.00 

l>i  (,'i;li)liiiilon  (cm! 
*  July  25,  1958 


Tabic  8.2  (Continued) 
July  24,  lOsl 


O'NEILL,  NEBRASKA 


2105 

22US 

2305 

0005* 

0105» 

RACIATION  (cal/cm^secl 

-.0012 

-.0011 

^^9 

-.0011 

AIR  and  SOIL  TEMPERATURES  CO 

IWM 

WBk 

23.66 

22.44 

21.26 

22.37 

21.29 

19.58 

21.83 

20.73 

19.43 

17.15 

21.71 

19.63 

19.17 

11.62 

15.94 

20.23 

17.27 

16.31 

16.54 

14.54 

18.52 

16.01 

14.08 

15.76 

13.05 

17.40 

15.42 

13.73 

15.20 

12.13 

16.30 

14.81 

13.02 

14.77 

11.56 

26.72 

25.05 

23.70 

22.64 

21.70 

28.04 

26.88 

25.49 

24.48 

23.62 

27.63 

27.21 

20.09 

26.14 

.. 

24.19 

24.33 

24.42 

24.44 

24.46 

21.05 

21.08 

21.10 

21.16 

21.24 

18.95 

19.00 

19.04 

10.08 

10.16 

VAPOR  PRESSURE  (mb) 


12.93 

12.04 

12.42 

12.28 

12.19 

12.08 

11.98 

11.07 

12.40 

12.46 

12.46 

12.36 

12.22 

11.00 

11.06 

11.04 

1 

13.74 

13.58 

13.55 

13.56 
13.52 
13.34 
13.15 

L  12..0fl_ 

13.16 

12.89 

12.76 

12.71 

12.67 

12.66 

12.64 

_i2.0a 

WIND  SPEED  (cm/scc) 

442 

446 

47tt 

512 

521 

270 

387 

395 

414 

378 

172 

301 

201 

302 

230 

115 

216 

217 

202 

178 

69 

130 

126 

137 

116 

21 

70 

69 

92 

48 

18 

27 

16 

45 

16 

WIND  DIRECTION  (dcfi 

}  1 

-- 

— 

180 

SOIL  TEMPERATURE  CHANGE  CO 

2052 

2160 

2250 

2353 

0053 

25 

27 

27 

25 

31 

-.83 

-.00 

-.57 

-.34 

-.49 

64 

-.57 

-.50 

-.47 

-.16 

-.20 

-.28 

-.22 

.04 

.00 

-.01 

-.01 

-.11 

-.01 

.03 

0 

0 

-.03 

.01 

.02 

-.01 

.02 

5 


HOURLY  OBSERVATIONS 


Tabic  8.2  (Continued) 
July  25,  1B56 


O'NEILL,  NEBRASKA 


CST 

0205 

0305 

0405 

0505 

0605 

0705 

RADIATION  (eal/cm^Bcc) 

Insolation 

■DTiTtTi^l 

HlilUi 

Reflected 

.0006 

-.0000 

-.0008 

-.0012 

-.0004 

||Q^9| 

1  AIR  .md  .SOIL  TEMPERATURES  (“Cl 

Height  (m) 

16.00 

20.05 

18.35 

18.15 

17.65 

17.14 

19.22 

8.00 

18.51 

15.34 

16.34 

15.56 

16.67 

19.40 

4.00 

15.78 

14.13 

15.07 

14.04 

16.52 

19.56 

2.00 

14.60 

13.73 

14.47 

13.25 

18.41 

19.75 

1.00 

13.61 

13.38 

14.00 

12.86 

16.36 

20.06 

.50 

12.56 

11. Ot 

13.66 

12.45 

16.27 

20.33 

.25 

11.77 

10.73 

13.34 

12.13 

16.24 

20.69 

.12 

11.04 

0.86 

13,01 

11.89 

16.19 

30.87 

-.03 

21.24 

10.94 

19.47 

19.21 

18.99 

16.82 

-.00 

22.78 

21.40 

20,90 

20.31 

20.64 

-.12 

25.06 

24.56 

24.07 

23.80 

23.14 

22.82 

-.55 

24.30 

24.18 

24.06 

23.90 

23.69 

23.57 

-.50 

21.24 

21.26 

21.30 

21.29 

21.32 

21.34 

-1.00 

10.15 

19.16 

19.18 

10.16 

19.08 

19.09 

VAPOR  PRESSURE  (mb) 

■ikina 

13.13 

.. 

.. 

14.85 

8.00 

12.01 

.. 

-- 

.. 

14.87 

4.00 

12.23 

11.05 

.. 

.. 

14.79 

2.00 

12.20 

11.82 

.. 

.. 

14.86 

1.00 

1.2.28 

11.79 

.. 

.. 

14.87 

.50 

12.30 

11.83 

-- 

-- 

.25 

12.36 

... 

— 

.12 

12  63 

12,27 

— 

— 

-- 

15.05 

_ 

WIND  SPEED  (c.m/#ec) 

10.00 

52T 

458 

500 

538 

646 

521 

8.00 

398 

217 

442 

414 

514 

4.00 

220 

118 

301 

267 

426 

2.00 

153 

79 

230 

191 

365 

429 

1.00 

95 

55 

174 

137 

322 

360 

.50 

32 

45 

140 

97 

r  9 

335 

.55 

10 

16 

94 

55 

271 

!  WIND  lUHECTlON  (dOBl 

180 

ISO  1  190 

190 

180 

190 

1  SOU.  TEMPERATURE  CHANGE  ("C) 

Initial  Time 

0152 

0252 

0352 

0453 

0550 

0650 

Run  Time  (niln) 

32 

24 

24 

24 

26 

26 

-.03 

-.51 

-.2b 

-.06 

.11 

+  .00 

-.00 

-.43 

-  52 

-.12 

-.17 

-.58 

.12 

-.12 

-.30 

-.21 

-.22 

-.14 

-.16 

-.18 

-.25 

-.05 

-.07 

-.05 

-.01 

-.06 

-.10 

-.60 

.01 

-.01 

.03 

0 

.03 

-.01 

-1.00 

0 

0 

.03 

.01 

0 

-.01 

Prcci|iii!illon  (cm) 

_ 

_ 

78 


Table  8,3  (Continued) 


hourly  observations 

July  25, 

lose 

1  CST 

osos 

1 - 

1005 

mm 

Iffii 

RADUTION  (cal/cm2*oc) 

iMolatlon  1 

1  .0085  1 

1  .0056 

.0230 

.0203 

Rcllocted 

.0044 

.0038 

1  .0023 

.0142 

.0128 

AIR  and  SOIL  TEMPERATURES  (°C) 


Height  {m) 

16.00 

21.85 

23.96 

25.37 

28.91 

31.40 

8.00 

22.27 

24.25 

25.82 

29.72 

32.15 

4.00 

22.68 

24.39 

26.27 

30.44 

32.87 

2.00 

22.66 

24.64 

20.90 

31.13 

33.63 

l.OO 

23.17 

24.83 

27.43 

31.75 

34.40 

.50 

23.64 

24.95 

27.98 

32.80 

35.18 

.25 

24.06 

25.17 

28.55 

34.06 

36.07 

.12 

24,27 

25.35 

28.81 

34.96 

36.82 

-.03 

21.41 

23.58 

25.58 

31.46 

35.05 

-.06 

21.19 

22.30 

23.38 

26.50 

30.32 

-.12 

22.52 

22.44 

22.57 

23.24 

24.66 

-.25 

23.31 

23.09 

22.91 

22.62 

22.56 

-.50 

21.31 

21.27 

21.85 

21.15 

21.11 

-1.00 

19.05 

19.01 

19.02 

18.97 

18.02 

VAPOR  PRESSURE  (mb) 

nn  r  i  c  nn  f  J  <i  »vi  I 


■1  xa 

15.20 

MilPfM 

8.00 

■  SI 

15.37 

■ 

■EES 

4.00 

14.83 

■  SI 

15.38 

1  anM 

13.00 

2.00 

14.89 

15.32 

15.42 

13.07 

14.0.5 

1.00 

14.69 

15.38 

15.46 

14.04 

14.11 

.30 

14.96 

15.46 

15.51 

14.30 

14.17 

.25 

15.47 

15.00 

14.38 

14.21 

.12 

IS, 09 

15.50 

15.73 

14.57 

14.30 

WIND  SPEED  (cm/Bccl 


Id.  00 

810 

776 

1053 

1269 

8.00 

753 

1000 

1217 

4.00 

652 

684 

662 

878 

2.00 

547 

624 

616 

841 

975 

1.00 

522 

550 

545 

732 

804 

.50 

460 

474 

848 

.25 

375 

388 

393 

534 

014 

1  WIND  DIRECTION  (dog 

) 

■BjjSmiHII 

180 

180 

170 

100 

165 

1  SOIL  TEMPERATURE  CHANGE  CO 

Initial  Time 

0750 

0854 

0951 

1161 

1360 

Run  Tlniti  (mln) 

26 

24 

28 

27 

28 

-.03 

.73 

.45 

.90 

1.03 

.46 

-.06 

.30 

.52 

.63 

.75 

.58 

-.12 

-.13 

.02 

.07 

.21 

.33 

-.25 

-.11 

-.08 

-.00 

-.05 

.01 

-.60 

-.02 

0 

-.01 

-.02 

-.02 

-1.00 

-.04 

.02 

-.01 

-.02 

0 

I’roelplliillon  (cm) 

-- 

— 

— 

— 

— 

i 

i 
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O'NEILL,  NEBRASKA 


HOURLY  OBSERVATIONS 


Table  8.2  (Continued) 
July  25,  1050 


O'NEILL,  NEBRASKA 


Table  8.2  (Co.nllnuefI) 


IIOUHLY  OBSERVATIONS 

.luly  25, 

1006 

O'NEILI,,  NEBRASKA 

1  CST 

2305 

0005* 

0305* 

0505* 

RADIATION  (cal/ciD^Boc) 

InsolAlion 

-- 

— 

- 

Relleclcd 

-- 

-- 

-- 

.0000 

Net  Radiation 

-.0014 

-.0007 

AIR  and  SOU,  TEMRERATUKES  (“Cl 

Ucif'lil  (in) 

27.72 

26.75 

26.37 

25.65 

24.02 

27.63 

20.70 

26.38 

25.56 

24.83 

23.48 

27  51 

26.60 

26.34 

25.30 

24.63 

22.79 

2.  no 

27.43 

26.42 

2G.23 

25.16 

24.45 

22,03 

27.35 

26.32 

26. 1 6 

24.89 

21,31 

27,23 

26.22 

26.00 

24,07 

20,65 

.25 

27.11 

24.42 

23.94 

20.27 

.12 

26,93 

25.91 

24.25 

23.78 

20.02 

-.03 

27.16 

26.32 

25.44 

25.26 

24.75 

24.02 

-.06 

27  14 

26.5? 

25.09 

25.44 

25.09 

24.67 

-.12 

26.46 

26.11 

25.711 

25.48 

25.20 

25.07 

-.25 

23. OH 

24.06 

24.17 

24.15 

24.  IC? 

24,05 

-.50 

21.14 

21.17 

21.33 

21.34 

21.37 

21.42 

■1.00 

1 0.  ua 

19  OH 

19.19 

19.19 

19  20 

19.21 

VAROH  IMIE.S.SUIiK  (mbl 

15,28 

15. HI 

17.73 

15.75 

15.38 

14.56 

8.00 

15.23 

15.67 

17.75 

15.84 

15,48 

14.99 

15.24 

15.61 

17  75 

15  HH 

15,46 

15,05 

2.00 

15.28 

15.82 

IV  73 

15.87 

15,50 

15.16 

1.00 

15.31 

15.80 

17  73 

15.86 

15,48 

15.16 

.00 

15.22 

15.61 

17.75 

1  ■-  88 

1.5.54 

15. 18 

,25 

15.20 

15.77 

17.77 

1'.  82 

15.48 

15,13 

.12 

15.26 

15,75 

17.84 

15.87 

15.60 

15.18 

WIND  .SPEW)  (cm  '.Hec) 

Ifi.OO 

1064 

1041 

968 

581 

60  V 

341 

931 

933 

954 

52? 

550 

287 

-1.00 

664 

liU 

B53 

432 

45? 

2.00 

724 

73'J 

757 

4UU 

411 

191 

1.00 

fi.'lli 

638 

050 

342 

351 

150 

,50 

501 

557 

576 

295 

299 

120 

.20 

463 

454 

469 

236 

242 

72 

WIND  DIRKC 

1  ION  (di  e) 

150 

170 

180 

215 

210 

250  1 

Initial  riiiio 

2253 

2350 

0150 

uzso 

0350 

0450 

Run  'I'lnie  (iiiUl) 

23 

?ri 

26 

20 

20 

2*5 

-.2n 

.01 

-.27 

-.17 

-.38 

-.06 

-.18 

-  II 

-.13 

-.14 

-.13 

-.20 

-.1.2 

-.11 

-.11 

.01 

-.12 

-.25 

.05 

.03 

-.04 

-.01 

-.02 

-.50 

0 

.01 

0 

0 

0 

-1.00 

Ul 

0 

0 

-.01 

U 

I’rceipMatloii  (cm) 

-- 

-- 

-- 

-- 

*  July  26.  1856 


79 


80 


Table  8.2  (Continued) 


HOURLY  OBSERVATIONS 

Auguat  Q,  1056 

O'NEILL,  NEBRASKA 

CST 

leus  1  2105 

2265 

2305 

0005* 

0305* 

-UADIATION  (cal/cm^sfic) 


Insolation 

.0015 

-- 

— 

p-r:: — | 

•  — 

Rcfloetod 

— 

-- 

-- 

-- 

-- 

Net  Radiation 

.0007 

-.0612 

-.0011 

ruin 

-.0007 

-.0013  j 

A  in  and  SOIL  TEMPKIUTUHES  (°C) 


28.18 

24.70 

22.25 

21.06 

17.54 

8.00 

28.00 

22.10 

21.05 

17.61 

4.00 

27.94 

22.85 

21.90 

21.58 

21.09 

17.61 

2.00 

27.78 

22.44 

21.87 

21.53 

21.03 

17.58 

1.00 

.  27.56 

21.97 

21.77 

21.44 

21.02 

17.54 

.50 

27.42 

21.54 

21.59 

21.34 

20.96 

17.50 

.25 

27.25 

21.25 

21.45 

21.26 

20.60 

.12 

27.14 

21.01 

21.28 

21.20 

20.88 

17.46 

-.03 

27.12 

23.88 

22.96 

22.71 

20.57 

-.00 

27.64 

25.22 

24.30 

2.3  52 

21.86 

-.12 

26.38 

25.86 

25.40 

25.13 

24.70 

23.73 

-.25 

23.86 

24.07 

24.15 

24.22 

24.18 

23.83 

-.50 

22.06 

22.01 

22.06 

22.11 

22.16 

22.06 

-1.00 

19.93 

19.96 

20.00 

20.11 

20.02 

20.01 

VAPOn  PRSSSUnE  (mb) 


8,00 

4,00 

2,00 

1.00 

.50 

.25 

.12 

13.47 

13.85 

14.02 

14.14 

14.24 

14.32 

14.38 

14.45 

15.06 

15.54 

15.00 

10.11 

10.31 

16.42 

10.52 

16.58 

22.93 

22.55 

22.58 

22.51 

22.45 

22.45 

22.33 

22.39 

rain 

I'll  In 
ruin 
ruin 
rum 
rain 
rain 
r.ilii 

rain 

ruin 

ruin 

rain 

ruin 

ruin 

ruin 

rnin 

20.27 
19.59 
19.59 
19.51 
19.50 
19.59 

19.27 
19.63 

WIND  SPEED  (cm/scc) 

630 

402 

549 

779^ 

^80^ 

8.00 

528 

367 

544 

457 

697 

700 

464 

308 

425 

638 

2.00 

404 

244 

437 

374 

565 

574 

1.00 

354 

196 

327 

491 

-- 

.50 

305 

337 

286 

428 

437 

2*t7 

L 

j 

JOU 

;vn 

WIND  DIRECTION  (dcB) 

165 

HU 

55  T  75-] 

SOIL  TEMPERATURE  CHANGE  (“O 

Illlllul  TliUC 

1650 

2050 

Run  Time  (min) 

27 

28 

27 

27 

26 

26 

no 

-.t'b 

-.50 

-.31 

-.U4 

.11 

.  an 

-.06 

-.45 

-.46 

-.41 

-.14 

00 

-.29 

-.12 

-.05 

-.14 

-.22 

-.18 

-.14 

-.19 

-.25 

.04 

00 

-.01 

-.14 

-.50 

-.01 

00 

00 

-.06 

-1.00 

00 

r.03 

.02 

00  _ 

-.02 

Pi  ecipilatlnn  (cm) 

-- 

__ 

— 

— 

- 

- 

1 


I’i'ocipllitllon  (cm) 


Table  8.8  (Conlliiuod) 
August  7,  lose 


O'NEILL,  NEBRASKA 


Table  8.2  (Continued) 


liOlJltLY  OBSEUVATIONS 

Aiii’u.st  7,  1956 

O’NEILL,  .NEBRASKA 

CST 

1005 

1105 

1205 

1405 

1600 

1705 

IIAOIATIOM  (oal/cm^sce) 

Insolation 

Hofloctod 

Not  Unfllallon 

.0145 

.0102 

.0192 

0130 

.0150 

.0110 

.0109 

.0135 

.0150 

.0103 

.0097 

.0054 

AIK  and  1 

;on.  tkmpehatuiuis  ("C) 

lIol{;ht  (ni) 

16.00 

23.05 

25.97 

27.47 

27.74 

29.83 

28.58 

8.00 

24.24 

26.34 

27.89 

28.38 

30,26 

28.86 

4.00 

24.58 

26.82 

28.34 

28.92 

30,52 

20,23 

2.00 

24.04 

27.49 

28.  C6 

29.37 

31.00 

29.02 

1.00 

25. .32 

28.24 

29.27 

29.93 

31.30 

29.95 

.50 

25.83 

20.77 

29.84 

30.78 

3 1  85 

30.46 

.25 

26.3B 

20.25 

30.39 

31.62 

32.47 

30.73 

.12 

26.67 

30.30 

30.89 

32.02 

32.00 

31.15 

-.03 

23,09 

25.80 

27. 62 

30.24 

31.12 

30,65 

-.00 

21.71 

23.80 

25.54 

28  18 

29.18 

29,53 

-.12 

22.13 

22.32 

22.81 

24.24 

25.52 

25.97 

'  -',25 

22.04 

22.70 

22  7U 

22.68 

22.96 

23.12 

-.50 

21.09 

21.92 

21  92 

21.80 

21.88 

21.87 

-1,00 

19.08 

19.92 

19.90 

19.94 

19.98 

19.98 

VAPOIt  I'lli:S.StIl(K  (ml)) 

10.00 

18, 4H 

17.77 

18.  HU 

17.42 

17,12 

19.50 

8.00 

18.0  V 

18.17 

19  14 

17  80 

17  38 

19.82 

4.00 

19,10 

Ul.lu 

19.13 

17  97 

17.54 

20  02 

2.00 

10,42 

18.34 

19.25 

IH  12 

17,00 

20.10 

1,00 

19.02 

18.63 

19.64 

IH.29 

17,85 

20.27 

.50 

19.96 

18.91 

19. 79 

18,59 

18, 02 

20.44 

.25 

20. 33 

10  36 

20. 1 4 

18,79 

18  24 

20.60 

.12 

20.59 

10,65 

20.64 

18.97 

18. 4G 

20  H7 

WIND  SPKKD  (fill  iM'f 

) 

I'Oo 

991 

838 

865 

1348 

1379 

992 

8.00 

874 

754 

773 

1251 

1290 

923 

4,00 

iriii 

707 

718 

1 1 35 

1 1 65 

841 

2.00 

7r,.i 

r.ii’i 

(I'll 

1004 

1025 

739 

1.00 

710 

;,;.4 

UUH 

92:i 

cou 

.50 

404 

470 

509 

7  OH 

773 

560 

.2'j 

3  MS 

405 

640 

fiHU 

•iti'l 

WIND  1)11(1  :c 

I  loN  (cifi 

i 

1,00 

145 

175 

150 

15.5 

son,  Tl  6 

iPKKA'niiii-:  (.'HANOI-;  i o 

I 

liiKlal  'rime 

0052 

1052 

1150 

1350 

1 550 

1650 

lltin  'I'iiiiu  (mill) 

24 

25 

27 

27 

-.03 

-.01 

1  (III 

.f’i 

.  *!«} 

-.19 

-.00 

1.41 

.79 

.54 

.27 

.07 

-.04 

-.12 

.07 

.13 

.24 

.36 

.21 

.18 

-.25 

-.05 

-  OH 

-.07 

.02 

AH 

.11 

- .  &0 

-.02 

-.03 

-  04 

00 

Ml 

.04 

-l.UO 

.01 

-,03 

-  ■"•1 

_ -Vi...  _ 

_ 

.0*1 

1(111  (('(ii) 
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•August  8,  1956 


HOURLY  OBSERVATIONS 


Tabic  fi.  2  (Continued) 
Auiifsl  8,  10S7 


O'NEILL,  NEBRASKA 


CST 

0105 

0205 

0305 

0405 

0505 

0805 

HAOIATION  fcal/cm^acc) 

Inaolatton 

— 

-- 

-- 

-- 

rroooo 

.0005 

Roflccied 

-- 

__ 

__ 

-- 

Not  lUdlntlon 

-.0015 

-.0007 

-.0014 

-.0015 

-.0011 

-.0004 

AIR  and  .SOIL  TEMl'I'RATIlUES  (‘C) 

lIcR'Iit  (ni) 

18.00 

23.12 

18,76 

17.77 

17  15 

10,51 

17.17 

8.00 

22.89 

18.83 

17.58 

10.70 

10.11 

17.11 

-i.OO 

22.58 

18.85 

17.41 

16.45 

15.81 

17.05 

2.00 

22.33 

18.86 

17.30 

10.21 

15.57 

16.05 

1.00 

22,07 

18.86 

17.17 

10.00 

15.44 

10.89 

.50 

21.73 

18.85 

17.00 

15.77 

15.22 

10.81 

.25 

21.41 

18.83 

iC.80 

15.00 

15.12 

10.73 

.12 

21.20 

18.82 

16.77 

15.43 

15.02 

16.65 

-.03 

22,37 

21.8!) 

21.08 

20.12 

19.10 

19.10 

-.00 

23,52 

22.96 

22.43 

21  75 

21.00 

20.48 

-.12 

24.74 

24.34 

24.02 

23.70 

23.29 

22.84 

-.25 

23,94 

23.87 

23.8? 

23.73 

23.02 

23.44 

-.50 

21  95 

21.95 

21.95 

21.96 

21.95 

21.90 

-1.00 

20,10 

20.09 

20.08 

2008 

20.00 

20.04 

VAi'OH  i'iii:.s.si)i(i-:  (mb) 

18.00 

17.30 

15.20 

15.21 

15.21 

15.71 

8.00 

17.43 

15.29 

15.25 

14. 89 

15,52 

16.42 

4.00 

17.51 

15.30 

15  30 

14.95 

16.54 

1 0. 49 

2.00 

17.59 

15.31 

15.31 

14.99 

15.52 

16.62 

17.59 

15.32 

15.31 

15  01 

15.55 

16.71 

.50 

17.08 

15.34 

15.34 

15.06 

15.67 

10.72 

.25 

17.74 

15.35 

15.36 

15.06 

15,58 

.12 

17.75 

15.30 

15.36 

15.15 

15.75 

16,77 

WIND  .SPKKD  (.  M. /.SCI-) 

479 

1 190 

547 

532 

470 

55B 

8.00 

438 

997 

451 

445 

377 

404 

4.00 

395 

915 

397 

375 

310 

2  00 

340 

812 

344 

311 

255 

379 

313 

729 

311 

283 

229 

349 

.50 

255 

633 

256 

233 

180 

294 

.25 

533 

201 

l9l 

M2 

i.on 


205 


WMNI)  niUKf  i  ioN  Mn:) 


:i(K) 


■sou,  TEMIMTIATUHI-:  CTIANf'.K  CO 


liiUiul  'rime 

0053 

0154 

0253 

0351 

0454 

0550 

Run  Time  (mill) 

23 

22 

23 

25 

21 

27 

-.93 

-.3U 

-.28 

-.31 

-.J  f 

.VA 

-  01 

-.00 

-.20 

-.17 

-.24 

-.31 

-.21 

-.10 

-.12 

-.21 

-.14 

-.12 

-.15 

•  13 

-.16 

-.25 

-.02 

-.04 

-.03 

-.05 

.0  i 

-.05 

-.50 

00 

.01 

00 

-.01 

00 

-.01 

-1.00 

(III 

00 

-.01 

-.01 

00 

-  01 

_ _J 

nOUHLY  OBSEHVATIONS 


CST 

0805 

Insolation 

.0030 

Uofleclcd 

-- 

Not  Iladiiitlon 

wot 

Hi'iidit  (in) 

1C.  00 

18.00 

8.00 

17.04 

4.00 

17.96 

2. 00 

17,97 

1.00 

17.97 

,50 

17.97 

.25 

17.011 

.12 

I7.S5 

-.03 

10.30 

-.05 

20.19 

-.12 

22.22 

-.25 

23.18 

-.50 

21.90 

-1.00 

20,04 

10.00 

«  no 

2,00 

-- 

1.00 

.50 

,25 

.12 

-- 

It).  00 

511 

B.OO 

440 

4.00 

.780 

2.00 

314 

1.00 

287 

.50 

250 

.25 

l.OO 

330 

Initial  'I'iiiic 

0750 

Hull  'i'lini.'  (mill) 

28 

-.03 

.16 

-.0(3 

,n;! 

-.12 

-.13 

-.25 

-.07 

-.00 

-.01 

-1,00 

-.01 

Tabic  6. 2  (Continued) 


HOURLY  OBSERVATIONS 

Auemt  a,  1056 

O'NEILL,  NEBRASKA 

CST 

1405 

1505 

1605  I 

1705 

1805- 

1005 

RADIATION  (cal/cm2flec) 

tnsolation 

.0200 

.0178 

.013U 

.0082 

.0052 

.0012 

Reflected 

.0033 

.0020 

.0018 

.0013 

— 

Net  Radlallon 

.0133 

.0110 

0077 

0041 

,0018 

-.0011 

AIR  and  SOIL  TEMPERATURES  (°C) 

28.02 

28.86 

28.48 

27.91 

27,14 

25.66 

28.44 

29.37 

29.00 

28.28 

27.35 

25.09 

4.00 

28.70 

29.76 

29.1.0 

28.58 

27.58 

25.67 

2.00 

29.28 

30.31 

3|).(M 

28.90 

27.80 

25,60 

1.00 

29.02 

30.60 

:<(>  -1.1 

29.26 

28.03 

25.65 

.50 

31.31 

31.40 

30.!l0 

20.65 

28.10 

25.63 

.25 

32.09 

32.54 

31.77 

30.03 

28.30 

25.62 

.13 

33.48 

33.55 

32.25 

30,43 

28.68 

25.58 

-.03 

33.29 

34.46 

34.46 

32.01 

30.08 

20.02 

-.06 

20.97 

31.25 

oI  98 

31.63 

30  8 

29,49 

-.12 

24.80 

25.65 

26  13 

27.16 

27.1  5 

27.64 

•.  2o 

22.58 

22.74 

22.91 

23.11 

23..  4 

23.71 

-.50 

21.70 

21.76 

21.72 

21.69 

21. '.5 

21.76 

■1.00 

20.01 

19.96 

19.94 

19.93 

20.  to 

20.03 

VAPOR  PRESSURE  fmb) 

^16M 

12.79 

■mEa 

15.40 

17.08 

17.40 

17.51 

8.00 

13.46 

■SI 

15.80 

17.31 

17.65 

17,52 

4.00 

13.57 

15.95 

!7  39 

17,73 

17.52 

2.00 

;I3.76 

13  65 

17  39 

17.77 

17  61 

1.00 

14.04 

13.85 

16.1.8 

17.43 

17.84 

17.53 

.50 

14.50 

14.20 

16.411 

17.58 

17.02 

17,57 

.25 

14.47 

16.66 

17.73 

17.80 

17.57 

.12 

15.58 

14.96 

17.60 

17.00 

17.62 

L 

1  WIND  SPEED  (cm/scc) 

TOO 

411 

205 

595 

685 

744 

794 

8.00 

306 

201 

547 

624 

674 

671 

4.00 

306 

209 

508 

572 

587 

601 

2.00 

330 

256 

407 

517 

515 

■  ■ 

1.00 

Hi  »■ 

9 

483 

480 

.50 

408 

418 

B  B 

.25 

■  il 

318 

316 

360 

BiB 

msmmm 

145 

140 

5 

300 

350 

360 

1  SOIL  TEMPERATURE  CHANGE  (°C)  i 

Initial  Time 

1450 

BTI;  njl 

1752 

1853 

Run  Time  (min) 

26 

26 

BeI 

bB  fl 

24 

23 

-.03 

.52 

.12 

-.^3 

-.rt^ 

-.72 

-.77 

-.06 

.60 

.37 

.06 

-.26 

-.50 

-.51 

-.12 

.36 

.30 

.28 

.15 

.08 

-.03 

-.25 

.14 

.05 

.05 

.10 

.00 

.08 

-.50 

-.01 

-.03 

-.05 

-.04 

-.01 

00 

-1.00 

-.01 

-.09 

_ JLS _ 

Preclplliitlon  (cm) 

— 

-- 

” 

— 

- 

” 

87 


HOUHLY  OBSERVATIONS 


Table  8.2  (Continued) 
Aut;u8l  8,  1050 


O’NEILL,  NEBRASKA 


I’roolpiUitlon  (cm) 


•  August  9,  1956 


HOURLY  OBSERVATIONS 


Table  8.2  (Cominucti) 
Aui;utit  9,  1DS6 


O’NEILL,  NEBRASKA 


91 


Table  8.2  (Continued) 


HOURLY  OBSERVATIONS  Auguat  27,  1056  O’NEIL!!,  NEBRASKA 


— 

CST 

1705 

1905 

2105 

2205 

0005* 

0105* 

RADIATION  (c»l/cm2Becl 

Insolation 

KItSZfl 

■EMI 

■jljlS 

■ICTiUBi 

■  iRTilVi 

RcHeutcd 

.0014 

.0000 

RrSflflB 

.0000 

riuffiB 

.0027 

-.0011 

-.0010 

-.0006 

1  AIR  and  SOIL  TEMPERATURES  (‘O 

Height  (m) 

16.00 

33.22 

31.13 

29.11 

2.6.72 

24.46 

21.75 

8.00 

33.32 

30.55 

26.72 

24.90 

21.38 

20.03 

4.00 

33.60 

29.67 

24.95 

22.57 

20.11 

19.02 

2.00 

33.65 

28.94 

22.59 

20.69 

18.83 

18.37 

34.34 

27.41 

19.84 

19,72 

18.29 

17.65 

34.64 

25.57 

17.45 

19.02 

17.68 

16.78 

35. 04 

24.45 

16.86 

18. 56 

17.26 

16.47 

35.36 

23.85 

16.28 

18.08 

16.94 

16.06 

-.03 

32.19 

29.07 

25.04 

23.7V 

22.52 

21.79 

-.06 

29.40 

28.58 

26.26 

25.04 

23.67 

23.14 

-.12 

25.01 

26.36 

26.26 

25.76 

24.96 

24.57 

-.25 

23.38 

23.65 

23.98 

23.06 

23.99 

23.92 

-.50 

21.49 

21.54 

21.60 

21.58 

21.61 

21.62 

-1.00 

19.44 

19.56 

10.77 

10.78 

19.78 

19.78 

VAPOR  PRES.SURE  (mb) 

Hi  s 

■■  iWti 

mXSEi 

•  • 

■XI 

Hf 

8.00 

■  im 

■£19 

H  m  •! 

RES 

4.00 

■  xa 

■EE3 

.. 

■  XI 

14.85 

2.00 

■  Kl 

msm 

-- 

14.82 

14,77 

1.00 

H!  1 

■  11 

.. 

14,70 

14.51 

.50 

B  Ih!  m 

14.45 

14.08 

.. 

14.38 

14.51 

.25 

^r3ir!i 

14.22 

13.89 

.. 

14.37 

14.53 

.12 

BIEU 

14.05 

13.73 

14.32 

14.48 

WIND  SPEED  (cm/aec) 

iSM 

825 

230 

213 

320 

167 

8.00 

784 

201 

325 

138 

4.00 

706 

163 

202 

103 

2.00 

625 

147 

149 

165 

100 

I.OO 

555 

83 

70 

78 

66 

113 

.!S0 

400 

49 

33 

_ 50 

70 

00 

.its 

403 

-- 

-- 

30 

52 

74 

WIND  DIRECTION  (de« 

Twr 

165 

- 

- 

- 

— 

-- 

1  _ _ 

SOIL  TEMPERATURE  CHANGE  rc)  1 

Initial  Time 

1652 

1850 

2050 

2150 

0000 

0050 

Run  Time  (min) 

24 

27 

27 

27 

26 

25 

-.03 

-.25 

-.98 

-.69 

-.30 

-.27 

-  37 

•  lUU 

.u9 

-.40 

-.55 

-.38 

-.27 

-.28 

-.12 

.12 

.02 

-.14 

-.15 

-.18 

-.14 

-.25 

.03 

.06 

-.03 

.04 

.00 

-.02 

-.60 

-.02 

.02 

.01 

.02 

.02 

.00 

-1.00 

-.01 

.01 

.00 

.02 

.00 

00 

_ 

Procipllatlon  (cm) 
*  August  28,  10S8 


!  92 

I 

r 

1 

i 


TabloB.  2  (Cnntiminil) 


IIOUHLY  OUSliHVATIONS 

Au|ai.-il  28,  1056 

O'NEILL,  NEBRASKA 

CST 

0205 

0305 

0405 

U!iur) 

0605 

0705 

RADIATION  (cal/cniZsi-c) 

In  joint  liin 

.0000 

.uouo 

.0900 

.0000 

.0004 

.0045 

Iledecled 

.0000 

.0000 

.ouoo 

.0000 

.0001 

.0011 

Not  Radial  Ion 

.000!) 

-.0‘JU4 

-.0000 

-.OliOO 

-.0007 

.0021 

AIR  and  aOU.  TKMPKRATURES  fC) 

IIolKht  (m) 

16.00 

23.14 

21.03 

22.32 

21.28 

19.15 

19.74 

8.00 

21.83 

21.04 

21.37 

20.04 

17.71 

10.95 

4,00 

20.87 

19.00 

20.27 

18,55 

1 8. 60 

20.15 

2.00 

10.97 

18.95 

1<).01 

17.39 

10.65 

20.28 

1.00 

10.30 

18.45 

1 8. 0 1 

15.97 

14.03 

20.51 

.50 

18.50 

17  98 

14.59 

15.13 

13,72 

20.84 

.25 

18. lu 

i  / 

13.92 

14.75 

13.30 

21. 14 

.12 

17.76 

17.47 

13.38 

14.43 

13.02 

21.41 

-.03 

21.23 

20.87 

20.63 

10.01 

10.42 

19.60 

-.00 

22.63 

22.15 

21.88 

21.41 

20.04 

20.133 

-.12 

24.2V 

c.ii 

23  30 

22.09 

22.70 

-.25 

23.01 

23.83 

23.73 

23.01 

23.50 

23.38 

-.50 

21.71 

21.73 

21  73 

2l.7‘i 

2i .  74 

-1. 00 

10.82 

19.83 

10  83 

10.83 

19.83 

19.85 

VAPOR  PRESSURE  (mb) 

IC.OO 

14.82 

14.57 

14.09 

14  70 

14.87 

14.80 

e.oc 

15.04 

U  7(1 

14  78 

1 1  OU 

13.83 

14.87 

4.00 

14.87 

15.05 

11  78 

14,70 

13.80 

14,87 

2.00 

14.60 

15.05 

14.69 

14.68 

13.58 

14.85 

1.00 

U.52 

14.05 

14.51 

1  4  59 

13.02 

14.80 

.  50 

14.50 

14.03 

14. 13 

I'l  43 

12.92 

14.00 

.25 

14.30 

14.85 

13.82 

14. 39 

1 2. 85 

14.87 

.12 

14.31 

14.83 

13.68 

14.37 

12.80 

14.97 

WIND  SPEED  (cm/soc) 

10.00 

2(10 

314 

422 

223 

400 

8.00 

248 

149 

183 

.Vila 

184 

31)5 

4.00 

102 

144 

112 

301 

99 

300 

2.00 

158 

1  14 

III 

238 

57 

320 

1.00 

106 

61 

81 

164 

4! 

290 

.50 

OO 

51 

32 

124 

46 

250 

.25 

n4 

30 

-- 

97 

31 

205 

WIND  DIRECTION  (deB 

1.00 

-- 

J _  ■  ^ 

340 

151  1 

sou,  TEMPERATURE  CHANGE  (‘O 

Initial  Tlmn 

0150 

0250 

0350 

0450 

0550 

UOSO 

Run  Time  (niUi) 

26 

xo 

26 

20 

27 

26 

-.03 

1  « 

.07 

-.27 

n  o 

-.Oil 

OO 
.  LfJ 

-.00 

-.21 

.16 

-.13 

-.16 

-.18 

00 

-.12 

-.12 

-.15 

-.IX 

-.  1 1 

-.10 

-.12 

-.25 

-.02 

-.02 

-.UJ 

-.07 

-.08 

-.08 

-.00 

.03 

00 

.01 

00 

00 

-.01 

.01 

.01 

00 

00 

00 

00 

IT I'.illon  (cm) 

-- 

«« 

93 


94 


HOURIjV  observations 


Table  8.2  (Continued) 
Aujnjsl  28,  1056 


U05 

1  1SU5  1 

1885 

r  T 

RADIATION  (cal/cm^aoc) 


Insol.ition 

Reflected 

Net  Radiation 

.0175 

.0020 

.0097 

.0157 

.0027 

.0083 

- 

r 

AIR  and  SOIL  TEMPERATURES  (°C) 

!  Height  (m) 

31.87 

20.03 

8.00 

32.20 

30.20 

4.00 

33.01 

30.67 

33,16 

2.00 

33.54 

31.38 

33.18 

1.00 

34.01 

32.23 

33.22 

.50 

34.80 

32.04 

33.26 

.25 

30.16 

33.84 

33.28 

.12 

37.14 

34.52 

33.32 

-.03 

35.59 

36.25 

31.00 

-.08 

31.11 

31.08 

29.25 

-.12 

25.44 

20  14 

26.24 

-.25 

22.76 

22.03 

23.53 

-.50 

2!.UU 

21.50 

21.52 

-1.00 

10.83 

10.84 

19,52 

VAPOR  PRESSURE  (mb) 

10.00 

13.80 

17.16 

13.02 

14.05 

17.28 

14.00 

4.00 

14.07 

17.28 

14  II 

2.00 

14.07 

17.27 

14.12 

1.00 

14.08 

17.20 

14,20 

.50 

14,17 

17.31 

14.23 

.25 

14.24 

i  7  ‘M) 

14.30 

.12 

14,30 

17. .31 

14.32 

WIND  .SPEED  (cm/anc) 

10.00 

710 

054 

567 

8.00 

700 

040 

511 

4.00 

744 

803 

400 

2.00 

000 

7LI(1 

407 

1.00 

50.3 

711 

.ir.f; 

.50 

5.12 

020 

.315 

.25 

451 

542 

201 

WIND  DIRECTION  (den) 

!  TOO 

288 

r 

L- 

SOIL  TEMPERATURE  CHANGE  (“O 

Initial  Time 

1750 

Run  Time  (min) 

27 

28 

27 

-.03 

.72 

-.or» 

-.57 

-.U6 

.nr. 

-.12 

.33 

.31 

.10 

-.26 

.00 

.u(; 

.04 

-.50 

.01 

,02 

00 

-1.00 

IJO 

.01 

1’rc‘cliilliiUon  (cm) 
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Table  8.3  Soil  moisture  and  noil  density,  O'Neill,  Nebraska,  1956 


&ite: 

July  10 

July  16 

Depth  (cm) 

Soli 

Soil 

Soil 

Soil 

Moisture 

Density 

Moisture 

Density 

{%  Dry  Wl.) 

(Gr/cm^) 

(%  Dry  Wt.) 

(Gr/cm^) 

0-10 

7.2 

1.06 

6.8 

.66 

10-20 

7.0 

1.1.1 

6.3 

1.07 

20-30 

3.8 

1.28 

6.3 

1.11 

30-40 

4.2 

1.35 

4.9 

1.17 

40-50 

5.1 

1.31 

3.9 

1.19 

50-60 

3.1 

1.43 

3.7 

1.20 

60-70 

i.g 

1.63» 

3.4 

1.27 

70-80 

1.8 

1.63‘ 

3.2 

1.29 

80-60 

2.0 

1.53* 

4.8 

1.40 

60-100 

5,7 

1.63* 

4.8 

1.45 

Date: 

AukusI  6 

August  26 

Depth  (cm) 

Soli 

Soil 

soil 

a>u 

Moisture 

Density 

Moisture 

Density 

(%  Dry  Wt.) 

(Gr/<m3) 

(%  Dry  Wt.) 

(Gr/cm®) 

0-10 

6,2 

1.03 

6.6 

1.05 

10-20 

6.6 

1.11 

6.5 

1.16 

20-30 

3.0 

1.23 

6.0 

1.22 

30-40 

2.8 

1.27 

4.4 

1.35 

40-50 

2.9 

1.20 

5.6 

1.29 

50-60 

3.S 

1.32 

6.7 

1.39 

60-70 

6.2 

1.20 

3.B 

1.51 

70-80 

3.8 

1.35 

2.6 

1.56 

80-90 

2.6 

1.45 

1.4 

1.58 

90-10O 

1.8 

1.60 

2,4 

1.B8 

•Moan  value,  OO-lOOem. 


CHAPTER  9 

EVALUATION  OF  THE  FLUXES  OF  SENSIBLE  AND  LATENT 
HEAT  FROM  MEASUREMENTS  OF  WIND,  TEMPERATURE, 
AND  DEW  POINT  PROFILES 

M.  H.  Halstead*  and  W.  H.  Clayton 
Texas  ASiM  Research  Foundation 


9. 1  Introduction 

Inasmuch  as  tlie  macroparameters  of  meteorology  are,  in  many 
cases,  determinable  by  the  microparamctcrs  in  the  near  surface  layers 
of  the  atmosphere,  a  great  deal  of  study  has  been  conducted  by  many 
investigators  towards  better  evaluation  of  these  microparameters.  A 
basic  attack  on  the  problem  lies  in  the  determination  of  the  surface 
energy  budget;  and  it  is  the  purpose  of  this  paper  to  present  a  method 
of  evaluating  the  various  terms  of  the  energy  balance  relationship  from 
measurements  of  moisture,  net  radiation,  and  the  vertical  gradients  of 
wind,  temperature,  and  moisture  at  a  particular  site  for  a  given  time 
interval. 

From  conservation  of  energy  requirements,  the  sum  of  energy 
fluxes  entering  or  leaving  the  earth's  surface  must  be  zero.  Or 

where  =  net  radiative  flux  of  heal, 

=  flux  of  sensible  heal  to  the  air, 

q  =  flux  of  latent  heat  from  evaporation  or 
condensation  of  water,  and 

q^  =  conductive  heal  flux  into  or  out  of  the  ground. 

The  net  radiation  is  easily  measurable  directly  and  need  not  concern 
us  here  other  tlian  as  a  measure  of  tiie  reliability  of  the  other  terms  in 
Eq.  (1). 

♦Present  affiliation:  U.  S.  Navy  Electronics  Laboratory 
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Measurements  of  soil  heat  flmc,  though  not  performed  directly,  are 
based  on  the  Fourier  conduction  equation  and  the  treatment  shown  in 
this  paper  is  no  different  from  that  of  previous  authors  (for  example,  Sutton^). 

The  essential  difference  between  this  and  previous  papers  is  based 
on  a  definition  of  turbulent  flow  first  advanced  by  Halstead.  This,  in 
turn,  leads  to  evaluations  of  and  in  a  turbulent  regime  different 
from  those  obtained  tlirough  the  classical  concept  of  equivalence  of  ex¬ 
change  coefficients  for  heat  and  momentum. 

The  applicability  of  these  evaluations  is  shown  by  heat  budget 
computations  based  on  data  collected  during  Project  Prairie  Grass  by 
personnel  of  Texas  A&M  Research  Foundation. 

9.2  The  Flu;:  of  Momentum 

The  trajisfer  rate  of  molecular  momentum  within  a  gas  per  unit 
time  and  area,  in  a  direction  perpendicular  to  the  mean  velocity  of  tJie 
gas  (or  tangential  slicai),  is  proportional  to  the  vertical  gradient  of  tlie 
velocity.  That  is, 

r  =  fidu/dz  (2) 

(U 

where  ii  is  defined  as  the  absolute  viscosity  of  Uic  gas.  Equation  (2), 
though  first  presented  a.s  an  empirical  concept,  can  easily  he  derived 
from  kinetic  theory. 

This  derivation  sliows  that 

/i  =  pcL/3  (3) 

where  c  is  the  root- mean-square  velocity  of  tlie  molecules  comprising 
Uie  gas,  p  i.s  tlie  density,  and  L  is  tlie  moan  free  path.  If  the  scale  of 
motion  within  the  gas,  as  characterized  by  the  product  uz,  where  z  is 
tlie  distance  from  the  bounding  surface,  exceeds  the  molecular  scale 
of  motion  as  shown  by  ciL,  by  a  sufficient  amount,  the  flow  ceases  to  be 
laminar  and  becomes  irregular  or  chaotic  or,  as  usually  described, 
turbulent. 

The  critical  values  of  tliis  ratio  for  tubes  of  various  sizes  were 
first  investigated  by  Reynolds,  who  found  tliat  turbulent  motion  occurred 
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in  a  tube  of  diameter  d  when 

Rg  -  3ud/cL  =  p  ud/p  >  2000.  (4) 

Even  though  turbulent  motion  is  present,  a  laminar  sublayer  ad¬ 
jacent  to  the  boundary  csxi  still  exist.  The  tliickncss  of  tliis  layer  is 
determinable  from  for  flow  over  smooth  surfaces.  Assuming  a 
linear  profile  within  the  laminar  layer,  the  surface  friction  1  is 

.332pu2/  . 

From  integration  of  Eq.  (2),  assuming  t  ^  t{z)  , 

Tq  =  pcLu./36. 

Thus,  the  localized  Rcynoids*  number  is 

R^  =  3ug6/cL  -  135.  (5) 

It  should  be  noted  that  the  flow  pattern  at  z  •  6  will  not  be  strictly 
laminar  or  turbulent.  That  is,  z  =  6  cannot  be  interpreted  as  a  point 
but  rather  as  a  region.  However,  for  purposes  of  discussion  here,  6 
will  bo  regarded  as  the  thickness  of  the  laminar  layer. 

To  apply  Eq.  (2)  to  a  turbulent  regime,  the  molecular  viscosity 
must  be  replaced  by  a  term,  usually  referred  to  as  the  eddy  viscosity, 
which  will  be  a  function  of  the  distance  from  the  bounding  surface. 

Ir,iasmuch  as  division  between  laminar  and  tuibulent  flow  does 
not  occur  at  a  precise  point,  it  appears  reitsonablc  that  the  eddy 
viscosity  should  he  so  defined  that  it  reduces  to  the  molecular  vis¬ 
cosity.  That  is,  Eq.  (2)  could  be  written  as 

Tj,  =  K  du/dz  ,  (6) 

where  K  will  be  equal  to  p  at  z  -  6  . 

Consider  a  flow  of  gas  over  a  smootli  surface  and  assume  n 
hypothetical  surfaces  inserted  in  the  gas  above  the  boundary,  each  a 
mean  distance  6  units  above  the  layer  preceding  it.  That  is,  the  first 
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surface  is  coincident  with  the  top  of  the  laminar  sublayer.  The  effect 
of  turbulence  may  be  thought  of  as  a  factor  of  area  distortion  of  a 
given  surface.  Hence,  the  area  of  the  surface  at  elevation  j  will  be 
greater  than  the  area  of  the  surface  at  j  -  6  and  less  than  the  surface 
at  elevation  j  +  5  .  This  is  shown  in  Figure  9.1. 


7//7///////Ai\.'<i  V/////////////? 


turbulent 
^boundary 
layer 


laminar 
J  sublayer 


Figure  9. 1  Distorted  Area  Pattern 

The  first  surface  has  the  same  area  as  the  smooth  boundary  itself 
inasmuch  as  below  z  =  5  the  flow  is  laminar.  Above  z  =  6 ,  a  given 
surface  becomes  distorted  due  to  the  distortion  of  the  preceding  surface, 
plus  any  inherent  distortion  of  the  surface  itself. 

Let  r  be  the  ratio  of  areas  of  any  two  adjacent  surfaces.  Then 


Hence,  Eq.  (6)  may  be  written 

Thus,  the  area  of  the  nth  layer  at  elevation  z  will  be 


(7) 
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Since  Aj  =  , 


(8) 


A„/A^=rz/6. 

Substituting  Eq.  (8)  in  Eq.  (7),  wo  obtain, 

Tjj  =  rz  m/5  du/dz ,  (9) 

as  applicabie  to  turbulent  flow. 

The  shearing  stress  will  vary  witJi  elevation,  being  a  maximum 
at  z  =  0,  and  decreasing  with  elevation.  For  the  atmosphere,  will 

tu 

vanish  at  z  =  H,  where  H  is  the  geostrophic  wind  level. 

Assuming  a  linear  variation  of  shearing  stress  with  height*,  we 

may  write, 

fg  =  t(1-z/1I),  (10) 

where  t  is  the  stress  at  the  top  of  the  laminar  layer,  which  for  ail 
practical  considerations  for  the  atmosphere  will  equal  the  shear  stress 
at  the  surface.  Hence, 

7y(l-z/H)  =  pc(Lrz/3  6)  du/dz  (11) 

Actually,  p  and  c  and  L  will  vary  with  height  also,  but  for  the  lov/er 
layers  of  the  atmosphere  this  variation  will  be  small. 

Separating  variables  and  integrating  from  6  to  z,  we  obtain, 

u^  =  Ug  +  36Ty(lnz/6  -  z/H)/pcLr  (12) 

From  integration  of  Eq.  (7)  from  z  -  0  to  z  =  6  (t„  =  t„  ,  K  -  p), 

Ug  =  3To5/pcL.  (13) 


♦This  is  equivalent  to  assuming  a  unidirectional  mean  velocity,  negligible 
Coriolis  acceleration,  and  a  uniform  horizontal  pressure  gradient. 
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Thus, 


Uj,  =  Ug[  l  +  (lnz;‘/6  -  z/H)/r]  .  (14) 

Inasmuch  as  the  discussion  is  restricted  to  the  region  where  z  is 
of  the  order  of  a  few  meters,  while  H  will  be  of  tiie  order  of  500  meters, 
z/H  of  Eq.  (14)  will  be  insignificant  with  respect  to  In  z/6  and  the  former 
term  may  be  neglected.  Thus, 

u.^  =  ^  (lni'-/5)r]  .  (15) 

Equation  (15)  is  mialogous  to  the  wind  profile  equation  derived 
from  mixing  length  concepts,  that  is, 

^2  =  (lnu^z/n)/k]  (16) 

where  =  \/t/p  ,  k  is  von  Karvnan's  constant  (k  =  0.40),  and  A  is  a 
constajit,  It  is  interesting  to  convert  Eqs.  (15)  and  (16)  to  identical 
form,  inasmuch  as  A  and  k  Iiavo  been  evaluated  from  empirical  studies. 

From  Eqs.  (5)  and  (13) , 


(17) 

Substituting  in  Eq.  (15) 

^2  -  +  (lnzu^/6)k] 

(18) 

vvliicli  is  identical  to  Eq.(16)  when 

A  =  1  -  (In  u^6/t')/r] 

(19) 

and 

k  =  vr/u^  d . 

(20) 

Using  Nikuradse's  (Sutton'*)  data  for  flow  near  a  smooth  surface, 
A  5.5  for  k  .40;  hence,  r  -  4.65. 

More  recent  work  by  Laufer  at  the  Bureau  of  Standards  affirms 
the  Nikuradse  data  and  leads  to  the  same  r  value. 
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Substituting  this  value  in  Eq.  (15), 

Uz  -  Ug[  1+  (lnz/6)/4.65]  ,  z  >6  (21) 

for  flow  near  a  smooth  bounding  surface. 

Within  the  laminar  sublayer  (z  <  6),  u  is  given  from  Eq.  (17) 
and  using  =  1.8  x  10  gm/cm  sec,  p  ~  1.2  x  10"  gm/cni  , 

Ug^  20.3/6.  (22) 

Figure  9.2  shows  Eqs.  (21)  and  (13)  for  several  t  values, 
plotted  as  velocity  versus  the  logarithm  of  elevation.  The  turbulent  and 
laminar  regimes  are  .separated  by  the  line  along  which  Ug  6  =  20.3. 

The  applicability  of  Eq.  (21)  is  limited  to  small  elevations  and 
smooth  surfaces.  We  can  rigorously  define  elevation  but  not  a  smooth 
surface.  Aerodynamically  speaking,  a  smooth  surface  ninmis  a 
surface  that  docs  not  physically  protrude  through  the  laminar  sublayer. 
However,  since  the  thickness  of  this  layer  depends  upon  the  velocity, 
a  surface  consisting  of  No.  4  sandpaper  could  be  a  smooth  surface; 
and,  under  other  flow  conditions,  a  pajie  of  glass  could  be  a  rough 
surface. 

While  a  satisfactory  theoretical  treatment  of  the  effect  of  surface 
rougliness  ha.s  yet  to  be  developed,  it  is  reasonable  to  think  of  the 
roughness  elements  as  sinks  of  momemum  which  In  total  are  equiva¬ 
lent  to  a  "drag  velocity."  Hence,  for  the  postulated  type  of  flow  over  a 
rough  surface,  Eq.  (21)  can  be  nindificd  to 

Uz  =  1  +  (lnz/6)/4.65]  -  u^,  (23) 

where  u  is  the  drag  velocity  corresponding  to  momentum  transferred 
s 

to  surface  roughness  elements,  assuming  no  modification  of  the  rough¬ 
ness  elements  by  the  flow.  Further,  tlie  length  6  must  then  represent, 
not  the  thickness  of  an  actual  sublayer,  but  more  generally,  the  thick¬ 
ness  of  any  layer  which  would  give  a  distortion  r.  Since  it  is  im¬ 
possible  to  determine  the  sink  strength  of  a  surface  theoretically  or  to 
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measure  u„  directly,  it  is  necessary  to  eliminate  the  "drag  velocity" 

O 

by  solving  Eq.  (23)  simultaneously,  for  more  than  one  level. 

In  the  presence  of  a  vortical  gradient  of  potential  temperature,  the 
modification  of  the  flow  pattern  can  be  significant,  as  the  density,  moan 
free  path,  and  root  mean  square  velocity  of  the  gas  will  change  with 
elevation.  That  is,  a  buoyancy  term  will  bo  present.  This  will  bo  true 
in  the  laminar  as  well  as  in  the  turbulent  region.  For  the  lower 
layers  of  tlie  atmosphere  to  which  this  discussion  is  restricted,  the 
effects  of  buoyancy  can  be  large,  varying  volocitic.s  and  transfer  rates 
through  one  or  two  orders  of  magnitudes.  Fortunately,  however,  these 
effects  do  not  appreciably  influence  the  logarithmic  nature  of  the  pro¬ 
files  In  the  layers  below  one  or  two  meters,  hence  need  not  be  con¬ 
sidered.  Actually,  this  requires  that  z  be  no  greater  than  the  eleva¬ 
tion  for  which  u  vs  In  z  is  linear. 

In  general,  tlic  argument  presented  implies  that  turbulent  transfer 
is  not  a  function  of  an  exchange  coefficient  varying  with  lateral  or  verti¬ 
cal  displacement  but  a  rate  of  distortion  of  laminar  flow  area  which  will 
vary  from  case  to  case,  but  will  remain  constant  for  a  given  flow  pattern. 

In  order  to  apply  the  development  to  measurements  of  momentum 
transfer  to  the  surface,  we  require  the  difference  in  velocity  between  a 
height  z  and  2z.  From  Eq.  (23) 

'‘2Z  ‘  2)/r ,  (24) 

Substituting  Eq.  (23)  in  (13)  and  recalling  (hat  r  -  4.65,  then  tlio  total 
momentum  flux  at  the  surface  (or  any  elevation,  z,  since  Eq.  (23)  is 
essentially  based  on  constancy  of  shearing  stro.ss  with  height)  is  given 

by 

l/3p(u2.^-  Uj^)^  (25) 

Inasmuch  as  this  equation  will  be  used  again  in  the  evaluation  of 
the  convective  and  evaporative  fluxes  of  heat,  it  will  be  worthwhile  to 
repeat  the  meaning  of  the  various  term.s  entering  this  equation. 
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Those  arc  listed  below: 

=  mean  wind  speed  at  elevation  z, 

Ug  =  mean  speed  at  the  top  of  the  laminar  sublayer  (fictional 
for  flow  over  a  rough  surface) , 

r  4.65,  increase  in  surface  area  due  to  turbulent  dis¬ 
tortion  of  a  single  layer  of  mean  thickness  6  , 

5  =  thickness  of  layer  producing  a  constant  distortion  r 
(for  flow  over  smooth  surfaces,  the  thickness  of  the 
laminar  sublayer). 

9.3  The  Flux  of  Sensible  Heal 

The  rate  of  vertical  transfer  of  heat  (q^,)  per  unit  time  and  unit 
area  within  a  gas  is  proportional  to  the  density  gf  the  medium,  the 
specific  heat,  and  the  gradient  of  potential  temperature,  or  foi*  non- 
turbulcnt  flow, 

cij.  --  P  Cjjj  dT/dz  ,  (26) 

where  p  is  density,  Cp  is  the  jjpcciflc  heat  at  constant  pressure,  T  is 
potential  temperature,  and  is  a  constant  of  proportionality  related 
to  the  product  of  molecular  mean  free  path  and  root- mean- square 
velocity,  and  generally  referred  to  as  the  thermal  diffusivity.  It  has 

O 

the  same  units  as  kinematic  viscosity,  cm  /see  in  the  cgs  system. 

If  air  is  in  turbulent  motion,  transfer  of  heat  is  still  expressible 
by  Eq.  (26)  but  with  a  dependency  on  the  scale  of  motion  within  the 
fluid.  That  is,  heat  is  transferred  by  parcels  of  air  as  well  as  by  in¬ 
dividual  molecules. 

Aa  in  the  case  of  flux  of  momentum,  consider  a  flow  of  air  over 
a  smooth  boundary  with  hypothetical,  equally  spaced  surfaces  sepa¬ 
rating  layers  of  the  moving  aixx  For  laminar  flow,  each  surface  will 
be  parallel  to  every  other  surface,  or  each  surface  will  have  the  same 
area.  For  turbulent  flow,  however,  each  surface  will  have  a  different 
area  depending  on  tiie  degree  of  turbulence.  The  first  of  thi.s  hypo¬ 
thetical  group  of  surfaces  will  be  parallel  to  the  solid  surface  itself, 
if  it  is  located  at  the  top  of  the  laminar  layer,  which  is  at  a  distance  6 
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above  the  solid  boundary.  Surface  number  two,  at  a  mean  distance  6 
above  number  one,  will  be  distorted  to  a  degree  depending  on  tlie  scale 
of  motion  between  the  two  surfaces.  Surface  number  three  (at  a  mean 
distance  6  above  surface  two)  will  be  distorted  according  to  the  scale 
of  motion  between  it  and  surface  one,  or  between  it  and  number  two, 
plus  the  distortion  between  surfaces  one  and  two. 

The  area  of  a  surface  at  a  given  height,  z,  Is  a  measure  of  the 
opportunity  for  energy  transfer.  This  area  ,  divided  by  the  hrea  of 
surface  number  one  (or  the  area  of  the  boundary  itself,  A^),  will  be 
equal  to  rn  where  r  is  the  fractional  increase  in  area  due  to  turbulent 
distortion  and  n  is  the  number  of  surface.s,  each  a  mean  distance  6 
apart,  between  the  boundary  and  elevation  z. 

Thus, 

Aj^-A^rz/6.  (27) 

Hence,  Eq.  (26)  may  be  written  as 

qc  =  K^PCpdT/d2,  (28) 

where  K  =  v  for  z  <  6  (laminar  flow) , 

and  for  turbulent  flow  (over  smooth  surfaces)  as, 

q  -  rz  p  Cp/6  dT/dz .  (29) 

Restricting  the  application  of  Eq.  (29)  to  small  values  of  z,  con¬ 
stancy  of  and  Cp  may  be  assumed.  This,  in  effect,  means 

negiigihility  of  any  buoyancy  terms. 

For  the  same  conditions  given  in  the  preceding  section  for  stress 
varying  linearly  with  elevation,  we  assume  a  linear  variation  of  q 
with  elevation,  or 

q  =q  (1-z/H),  (30) 

\,  \J 

where  H  is  the  thickness  of  the  turbulent  layer,  or  geostrophic  wind 
level. 


Substituting  Eq.  (30)  in  (29),  separating  variables,  and  integrating 
from  the  top  of  the  laminar  layer  to  an  elevation  z, 

(hi  z/6  -  z/H)/r]  ,  (31) 

where 

For  small  values  of  z,  the  term  z/H  will  be  negligible  in  com¬ 
parison  with  In  z/6  and  may  be  omitted.  Thus, 

T^=  Tq[1+ (lnz/6)/r]  ,  (33) 

for  flow  over  smooth  surfaces. 

For  flow  over  aerodynamically  rough  surfaces,  we  parallel  the 
previous  view  concerning  momentum.  That  is,  we  will  regard  rough¬ 
ness  elements  to  act  as  sources  or  sinks  of  heat,  according  to  the 
temperature  differences  between  the  elements  and  the  ambient,  and 
postulate  a  potential  temperature  equivalent  to  the  magnitude  of  the 
sources  or  sinks.  In  this  view,  Eq.  (32)  may  be  modified  to 

T^  =  T5[1  +  (lnz/6)/r]  +  Tg.  (34) 

Generally,  Tg  will  be  unknown,  but  it  is  not  involved  when  Eq.  (34) 
is  applied  to  potential  difference  between  two  levels.  For  the  particu¬ 
lar  levels  z  and  2z , 

T22  -  Tjj  =  Tg  (In  2)/r  .  (35) 

Combining  Eqs.  (17),  (24),  (32),  and  (35),  we  obtain 

T^)  -  u^)/R^  Min  2)2 ,  (36) 

for  evaluation  of  the  flux  of  sensible  heat. 
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Using  the  values 

p  =  1.2  X  10“^  gm/cm^, 
c  =  0.24  cal/gm  deg  C, 

h* 

2 

=0.21  cm  /sec, 

2 

V  =0.15  cm  /sec, 
r  =  4.65,  and 
Rc=  135, 
in  Eq.  (36) 

q^-.  124  X  10-3  (3,, 

2 

with  in  cal/cm  sec,  velocity  in  cm/sec,  and  temperature  in 
degrees  Centigrade. 

9.4  The  Flux  of  Water  Vapor 

Evaporation  of  a  fluid  is  a  measure  of  the  difference  of  exchange 
rates  of  molecules  of  the  fluid  between  the  surface  and  the  surrounding 
medium.  For  the  case  in  which  molecules  escaping  from  the  surface  of 
the  fluid  are  influenced  only  by  their  concentration  and  the  molecular 
properties  of  the  surrounding  medium  (for  example,  still  air  over  water), 
the  evaporation  is  given  by, 

E  =  udp’/dz,  (38) 

where  a  is  the  diffusion  coefficient,  and  p'  is  the  density  of  the  fluid 
vapor.  While  c  will  vary  slightly  with  temperature,  it  may  be  con¬ 
sidered  constant  for  purposes  of  this  discussion.  Its  value  for  IS^C 
2 

is  .250  cm  /sec. 

If  the  air  is  in  turbulent  motion,  Eq.  (38)  requires  modification 
to  allow  for  non- molecular  tran.sfcr.  As  in  the  previous  cases  of 
transfer  of  momentum  and  heat,  we  will  generalize  the  laminar  flow 
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case  to  include  turbulent  flow  by  introducing  a  factor  to  allow  for  the 
increased  area  of  contact  between  the  turbulently  distorted  layers, 
or 

E  =  ar  z/fi  dp'/dz.  (39) 

Using  the  same  reasoning  that  has  been  applied  for  the  wind  and 
temperature  profiles  with  respect  to  variations  in  E  with  height, 
surface  roughness,  and  thermal  buoyancy,  the  evaporation  is  given 
as 

E  =  ^(u22-U2)(p'22-P’2)/3,  (40) 

2  3 

wliere  E  will  be  given  in  gm/cm  sec  for  p'  in  gm/cm  ,  and  u  in 
cm/sec. 

In  order  to  compute  the  flux  of  latent  heat  by  evaporation,  Eq.  (40) 
must  be  multiplied  by  the  latent  heat  of  vaporization  of  water  for  the 
particular  temperature  concerned.  Using  20‘’C  as  an  average  tem¬ 
perature  and  converting  absolute  humidity  to  an  equivalent  vapor 
pressure  by  use  of 

p'  =  eM/RT  (41) 

where 

M  =  18,  molecular  weight  of  water, 

R  =  8.31  X  10  erg  deg,  universal  gas  constant, 

T  =  293‘’K, 

c  =  vapor  pressure  (millibars),  and 
Qg  =  evaporative  flux  of  heat, 

we  erm  write  approximately, 

q^..240xlO-^U2^-u^)(e2^-e^),  (42) 

2 

when  Qg  is  given  in  cal/cm  see. 
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9.5  Soil  Heat  Flux 

Inasmuch  as  transfer  of  heat  energy  within  the  soil  is  by  conduc¬ 
tion,  the  equation  for  heat  flux  in  the  soil  is  given  by  the  Fourier 
relation, 

a  T/8t  =  (43) 

where  T  =  temperature,  and  i/„  =  thermal  diffusion  coefficient.  If 

n  9  9  9  ^ 

0  T/3x  =  0  T/8y  =  0,  using  Eq.  (26)  to  define  the  heat  flux,  and 
considering  z  to  increase  positively  with  height, 

o 

qo  =  q2+  /  pc  (BT/at)d2.  (44) 

Since  It  is  desirable  to  determine  the  surface  heat  flux  from  soil 
temperature  difference  with  time,  must  equal  zero.  That  is, 
measurements  must  cover  the  range  from  the  surface  to  a  point 
where  BT/Bz  -  0.  Hence, 

o 

q^  =  /  P  c  (0T/0t)dz.  (45) 

z  ‘ 

9.6  Computation  of  Surface  Heat  Budgets 

During  the  70  gas  releases  of  Project  Prairie  Grass,  personnel 
of  the  Texas  A&M  Research  Foundation  made  measurements  of  net 
radiation  as  well  as  of  wind  velocity,  vapor  pressure,  air  tempera¬ 
ture,  and  soil  temperature  at  several  levels.  Tliese  data  have  been 
used  in  the  energy  balance  equation  as  a  measure  of  the  applicability 
of  the  expressions  developed  for  evaluating  the  fluxes  of  sensible 
and  evaporative  heat. 

The  systems  of  measurement  employed  in  the  study  are  de¬ 
scribed  in  Chapter  7  of  this  report  and  need  not  be  repeated  here.  The 
method  of  analysis  of  the  data  as  pertinent  to  tlie  variou.s  flax  compu¬ 
tations,  however,  is  given  below. 

Referring  to  Eq.  (37),  evaluation  of  Au  =  (02^  "  ^^nd  AT  =  (T2jj  -  T^) 
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is  all  that  is  required  to  evaluate  the  flux  of  sensible  heat.  These 
values,  of  course,  are  obtainable  from  profile,  measurements  of  wind 
speed  and  air  temperature.  Specifically,  the  mean  values  of  u  and  T  at 
12.5,  25,  50,  100,  200,  400,  800,  and  1600  centimeters  were  measured 
for  a  20-  to  30-minute  interval  surrounding  the  gas  release  intervals 
and  plotted  versus  the  logarithm  of  elevation.  Inasmuch  as  the  de¬ 
veloped  relationships  apply  in  the  region  where  u  is  linear  with  In  z, 
the  portions  of  the  profile.s  significant  to  Uie  study  are  straight  lines, 
and  the  double-level  variation  is  merely  the  abscissa  increment  be¬ 
tween  any  two  successive  levels  along  tJie  profile. 

To  minimize  plotting  and  reading  errors,  the  increments  were 
read  between  four  levels  and  divided  accordingly.  Of  course,  not  all 
profiles  were  strictly  linear.  In  such  cases  the  "best  sight"  fit  to  a 
linear  profile  was  used  with  greatest  weight  given  to  tlic  lowest  levels 
where  deviation  from  linearity  was  a  minimum. 

In  the  u  evaluation,  extrapolation  of  the  profile  to  u  =  0  gives 
the  roughness  parameter  z^,  as  can  be  seen  from 

u  =  (u^  lnz/Zjj)A,  (46) 

which  is  another  form  of  Eq.  (16).  A  value  of  0.6  cm  was  found  to  be 
the  Zq  value  for  the  measuring  station  location.  This  value  represents 
the  average  value  of  the  In  z  versus  u  intercepts  of  16  profiles  that 
were  essentially  linear  at  all  levels.  Hence,  all  wind  profiles  were 
drawn  as  straight  lines  from  the  point  z  =  0.6  cm,  u  =  0,  through  tlie 
lower  four  points  of  u  versus  the  logarithm  of  z. 

The  increment  of  vapor  pressure  Ae  =  (62^  -  was  obtained 
similarly  from  measurements  of  vapor  pressure  at  tlie  same  eleva¬ 
tions  used  for  wind  speed  and  air  temperature. 

The  soil  heat  flux  at  the  surface  is  given  by  Eq.  (45).  Both  p 

and  c„  vary  with  depth  but  so  sllghtlv,  for  the  interval  considered, 

that  they  may  be  treated  as  constant,  r  or  the  tj^pe  of  soil  in  question 

(O'Neill  loam,  upland  phase),  pc„  =  0.28,  as  determined  from  six 

P 
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different  soil  tests  performed  during  the  period  covered  by  the  data. 

Thus,  the  value  of  soil  heat  flux  is  proportional  to  the  area  between 
profiles  of  temperature  versus  depth  at  the  beginning  and  the  end  of  the 
sampling  period.  The  above,  of  course,  is  based  on  the  assumption 
that  0T/8z  =  0  at  some  level  z. 

Soil  temperatures  were  measured  at  3.12,  6.25,  12.5,  25,  50,  and 
100  centimeters.  If  a  maximum  or  minimum  occurred  at  a  depth  of 
less  than  100  centimeters,  then  the  integral  is  represented  by  the  area 
between  the  two  profiles  from  the  surface  to  the  critical  depth.  If  no 
maximum  or  minimum  temperature  occurred,  then  the  integral  was 
evaluated  to  100  centimeters,  provided  the  temperature  at  that  depth 
did  not  vary  significantly  with  time  during  the  gas  release  period.  In¬ 
asmuch  as  surface  temperature  was  not  measured,  this  point  on  the 
profile  was  obtained  from  a  graph  of  surface  temperature  versus 

4 

time  of  day  for  that  location  as  given  by  an  analog  computer  from 
local  input  data. 

Table  9.1  gives  a  summary  of  the  analysis  for  48  release  periods 
for  which  complete  data  were  available.  The  fluxes  in  this  table  are 
given  in  kilocalories  per  square  centimeter  per  second.  To  facilitate 
comparison  of  these  fluxes  with  values  determined  by  the  University 
of  Wisconsin  group,  the  fluxes  are  presented  in  calories  per  square  , 
centimeter  per  minute  In  Table  9.2. 

The  line  of  best  fit*  of  the  data  of  Table  9. 1  is  y  =  .99  x,  where 

y  represents  the  net  radiation  values  and  x  is  the  negative  of  the  sum 

of  the  fluxes  of  latent  heat,  sensible  lieat,  and  soil  heat.  The  average 

error  (that  is,  between  the  net  radiation  values  and  tlie  sum  of  the 
-3  2 

fluxes)  is  0.43  x  10"  cal/cm  sec.  Lf  release  No.  10,  which  is  obvi¬ 
ously  suspect,  is  omitted,  the  line  of  best  fit  is  y  =  0.97 x  and  average 
error  is  0.36  x  10"^  cal/cm“  sec. 

*Determlned  by  the  method  of  least  squares.  The  second  significant  fig¬ 
ure  in  the  equation  of  best  fit  should  not  be  taken  to  imply  an  accuracy 
of  1  percent,  butisgivenonly  as  a  means  of  comparison  with  other  equa¬ 
tions  based  on  different  methods  of  evaluating  heat  fluxes. 
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Table  9.1.  Heal  budget  data  collected  by  the  Texas  A&M  Research  Foundation 


Gas 

Rel. 

No, 

AU 

cm 

sec 

A6 

"C 

Ae 

mb 

^c 

Kcal 

% 

Kcal 

Kcal 

Kcal 

Kcal 

R„+Sqi 

Kcal 

2 

cm  sec 

2 

cm  sec 

2 

cm  sec 

2 

cm  sec 

2 

cm  sec 

2 

cm  sec 

2 

23 

-  .28 

-.42 

.80 

-2.32 

.07 

-  3.05 

2.90 

.15 

7 

54 

-1.07 

-.33 

- 

7,10 

-4.20 

-1..58 

-13.02 

12.00 

.22 

8 

54 

-  .51 

-.20 

- 

3.41 

-2.59 

.23 

-  5.77 

5.70 

.07 

9 

04 

-  .53 

-.23 

- 

5.52 

-4.64 

-1.10 

-11.34 

11.40 

-  .06 

10 

57 

-  ,90 

-.13 

6.36 

-1.78 

-1.39 

-  9.53 

12.00 

-3.27 

15 

40 

-  .70 

-.09 

- 

3.47 

-  .06 

-1.11 

-  5.44 

5.00 

.44 

16 

42 

-1.03 

-.23 

- 

5.36 

-2.32 

-2.30 

-10.00 

10.00 

.06 

19 

73 

-  .60 

-.10 

5.43 

-1.75 

-1.08 

-  0.26 

0.10 

.16 

20 

112 

-  .83 

-.05 

- 

11.53 

-1.34 

-1.43 

-14.30 

13.70 

•  GO 

21 

72 

.10 

-.01 

.69 

-  .17 

.22 

.94 

-  .90 

-  .04 

22 

83 

.15 

-.02 

1.54 

-  .40 

.28 

1.42 

-  1.40 

-  .02 

25 

34 

-  .52 

-.40 

- 

2.19 

-3.92 

.03 

-  6.00 

G.20 

-  .12 

26 

79 

-  .63 

-.30 

6.17 

-5.09 

-1.06 

-12.92 

12.60 

.32 

27 

73 

-  .82 

-.18 

- 

7.42 

-3,15 

-2,60 

-13.25 

12,30 

.95 

30 

03 

-  .70 

-.25 

- 

7.20 

-4.90 

-1.52 

-13.70 

12.90 

,80 

31 

99 

-  .30 

-.14 

4.06 

-3.33 

-  .95 

-  8,94 

9.20 

-  ,26 

32 

20 

.33 

-.06 

.82 

-  .29 

.99 

1.52 

-  1.30 

-  .22 

33 

90 

-  .40 

-.30 

5.36 

-6.40 

.70 

-11.00 

10.  DO 

..16 

34 

110 

-  .55 

-.15 

. 

7.50 

-2.06 

-  .35 

-11.01 

11.30 

.51 

35h 

44 

.12 

-.04 

.65 

-  .12 

.76 

.99 

-  .70 

-  .29 

35 

10 

.12 

.00 

.15 

.00 

.82 

.97 

-  .91 

-  .00 

36 

16 

.23 

-.06 

.46 

-  .23 

.61 

.84 

-  .05 

.01 

38 

48 

.10 

.00 

.00 

,00 

.35 

.95 

-  .85 

-  .10 

30 

22 

.26 

-.02 

,71 

-  .11 

.70 

1.38 

-  1.35 

-  .03 

‘10 

20 

.23 

-.04 

f  ft 

.a  1 

-  .19 

.70 

1.03 

-  1.14 

.06 

41 

42 

.16 

-.01 

.83 

-  .10 

.51 

1.24 

-  1.23 

-  .01 

42 

70 

.15 

-.01 

1.30 

-  .17 

.26 

1.39 

-  1.92 

.53 

43 

65 

-  .03 

-.17 

- 

6.69 

-2,65 

-  .63 

-  9.97 

10.00 

-  .03 

44 

71 

-  .05 

-.07 

- 

7.40 

-1.19 

-1.35 

-10.02 

9.70 

.32 

45 

70 

-  .20 

-.03 

- 

1.74 

-  .50 

■  Go 

-  1.50 

1,40 

.10 

46 

66 

.13 

-.04 

l.OG 

.63 

1.34 

1.77 

-  1.40 

-  .37 

40a 

38 

-  .77 

-.34 

- 

3.63 

-3.10 

-1.54 

-  0.27 

7.00 

1.27 

40 

91 

-  .51 

-.11 

- 

5.75 

-2.40 

-1.01 

-  9.16 

0.10 

1.06 

49 

82 

-  .76 

-.15 

7.73 

-2.95 

-1.07 

-12.35 

12.90 

-  .55 

50 

01 

-  .90 

-.13 

9.04 

-2.53 

-1.33 

-12.90 

12.00 

.10 

51 

82 

-  .07 

-.13 

- 

6.01 

-2.56 

-  .52 

-  9.09 

0.00 

1.09 

52 

5.5 

-1.25 

-.19 

- 

8.52 

-2.51 

-  .60 

-11.71 

11.00 

.71 

53 

21 

.43 

-.03 

1.12 

-  .15 

.98 

1.95 

-  1.50 

-  .45 

54 

46 

.17 

.00 

.97 

.00 

.67 

1.64 

-  1.70 

.06 

SS 

69 

.15 

.00 

1.20 

.00 

,55 

i.03 

-  1.50 

-  .33 

56 

56 

.10 

.04 

.69 

.54 

.64 

1.07 

-  1.40 

-  .47 

57 

or> 

-  .13 

-.02 

1.37 

-  .41 

.34 

-  1.44 

1.30 

.14 

59 

26 

.26 

-.01 

.04 

-  .06 

.58 

1.36 

-  1.40 

.04 

60 

54 

.17 

-.01 

1.14 

-  .13 

.52 

1.53 

-  1.40 

-  .13 

61 

96 

-  ,70 

-.08 

- 

8.33 

-1.84 

-1.21 

-11,38 

11.90 

-  .52 

62 

63 

-  .37 

-.17 

. 

2.89 

-2.57 

-  .00 

-  C.06 

7.20 

-1.14 

63 

3 

.83 

.47 

,31 

.34 

.95 

1.60 

-  1.10 

-  .50 

64 

3 

.43 

,10 

.16 

.13 

.06 

1.25 

-  .50 

-  .10 
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Table  9.2.  Heat  budget  data  eollectod  by  the  Texa.s  A&M  Uo.seareli  Foundation 


Gas 

Release 

No. 

% 

cal 

% 

cal 

cal 

cal 

2  . 

cm  min 

2  . 

cm  min 

2  . 

cm  niiii 

2  . 

cin  min 

2 

-.040 

-.139 

,004 

.174 

7 

-.430 

-.257 

-.095 

.760 

8 

-.205 

-.155 

.014 

.342 

9 

-.331 

-.270 

-.071 

.604 

10 

-.382 

-.107 

-.003 

.760 

15 

-.200 

-.052 

-.067 

.300 

16 

-.322 

-.139 

-.143 

.600 

19 

-.326 

-.105 

-.005 

.406 

20 

-.092 

-.080 

-.006 

.022 

21 

.053 

-.010 

.013 

-.054 

22 

.092 

-.024 

.017 

-.004 

25 

-.131 

-.235 

.002 

.372 

26 

-.370 

-.341 

-.064 

.756 

27 

-.445 

-.189 

-.161 

.738 

30 

-.432 

-.299 

-.091 

.774 

31 

-.280 

-.200 

-.057 

.552 

32 

.049 

-.017 

,059 

-.078 

33 

-.322 

-.309 

.047 

.654 

34 

-.450 

-.238 

-.021 

.678 

35s 

.039 

-.025 

.046 

-.042 

35 

.009 

.000 

.049 

-.055 

36 

.020 

-.014 

.037 

-.051 

38 

.036 

.000 

.021 

-.051 

39 

.043 

-.007 

.047 

-.001 

40 

.034 

-.011 

.042 

-.068 

41 

.050 

-.006 

.031 

-.074 

42 

.078 

-.010 

.016 

-.115 

43 

-.401 

-.159 

-.030 

.648 

44 

-.449 

-.071 

-.001 

.502 

45 

-.104 

-.030 

.040 

.004 

46 

.064 

-.030 

.000 

-.004 

48s 

.218 

-.186 

-.092 

.420 

48 

-.345 

-.144 

-.061 

.406 

49 

-.464 

-.177 

-.100 

.774 

50 

-.542 

-.152 

-.000 

.763 

51 

-.409 

-.154 

-.031 

.520 

52 

-.511 

-.151 

-.041 

.660 

53 

.007 

-.009 

.059 

-.090 

54 

.058 

.000 

.040 

-.  102 

55 

.977 

.000 

.033 

..090 

56 

.041 

.032 

.038 

-.004 

57 

-.002 

-.025 

.020 

.070 

59 

.050 

-.004 

.035 

-.004 

60 

.060 

-.008 

.031 

-.004 

61 

-.500 

-.110  , 

-.073 

,714 

62 

-.173 

-.154 

-.030 

.432 

63 

.019 

.020 

.057 

-.066 

04 

.010 

.000 

.050 

-.030 
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Figure  9, 3  is  a  scatter  diagram  of  the  data  of  Table  9. 1. 

A  comparision  of  Eq.  (40)  witli  tlie  Thornthwaite-Holzman  evapo¬ 
ration  formula  shows  that  the  latter  relation  differs  from  the  former 
by  a  constant  factor.  The  equations  are,  respectively, 

qie  =  a/3i/Aup'  (46) 


qgg  =  (pk^  AuAh)/(ln  2)^ 


(47) 


where  Ah  is  the  difference  in  specific  humidity  betv'een  elevations  z 
and  2z,  and  all  other  symbols  have  the  meanings  previously  used. 
Replacing  h  in  Eq.  (47)  by  the  ratio  of  absolute  humidity  to  air  density 

qie/q2e  = .  (48) 

That  is, 


q,e  =  %  q2e 

At  20°C,,  the  ratio  of  a/u  is  equal  to  1.6  or 

q.  =  1.6n.» 
^le  'ze 


(49) 

(50) 


Hence,  the  evaporation  amount  and  the  flitx  of  latent  heat,  as  computed 
by  the  developments  in  this  paper,  are  approximately  50  percent 
greater  than  the  corre.sponding  values  obtained  by  tJie  Thornthwaite- 
Holzman  equation. 

The  sensible  heat  flux,  according  to  the  developments  of  this 
paper,  also  differs  from  the  usual  computation.s  based  on  equivalence 
of  the  eddy  conduction  of  heat  and  momentum  by  approximately  50  per¬ 
cent.  That  is, 

qpj  =  Cp  p  d0/dz  (51) 

where  Kj|  is  the  eddy  coefficient  for  heat.  Assuming  that  =  Kjj  = 
ku+z,  where  the  subscript  m  refers  to  momentum,  then 

qj^  =  ku^  z  Cpp  de/dz  (52) 
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Figure  9.3  Net  radiation  vs.  summation  of  heai  fluxes,  O'Neill,  Nebraska 

Summer  of  1956.  K,.  /  Kj.  -d  K... 

M  /  hi  vV 


Comparing  tliis  with  Eq.  (29) 

q2h  =  )  P  Cp  /dz 

and  using  Eq.  (20)  to  evaluate  , 

which  is  the  Prandtl  number  for  air  (.711).  Hence, 

or,  as  noted  above,  tlie  sensible  heat  flux  based  on  tlie  reasoning  of 
this  paper  is  approximately  one  and  one-half  times  the  flux  compu¬ 
tations  based  on  equivalence  of  the  Austauch  values  for  heat  and 
momentum.  Figure  9. 4  i.s  a  .scatter  diagram  of  tlie  O'Neill  data 
based  on  the  latter  concept. 

The  .supposition  that  tlie  exchange  coefficients  for  heat  and 
momentum  are  equal  or  nearly  so  probably  dato.s  from  the  Reynolds' 
analogy,  that  is, 

t/p  -  {p  +  K)  du/dz  =  du/dz  (55) 

and 

-q/CpP  =  (t'j,  +  K)  d0/dz  =  Kj^  d0/dz .  (56) 

Assuming  that  u  and  represent  insignificant  contributions  to  the 
coefficients,  Kjj  and  should  be  nearly  equal. 

The  development  used  in  tliis  paper  is  equivalent  to  the  postulate 

tliat 

t/p  -  K  du/dz  -  du/dz  ,  (57) 

and 

-q/p  Cp  =  K  d0/dz  =  Kjj  dO/dz ,  (58) 

hence,  using  Eqa.  (9)  and  (29), 


1  ’ » 
1 A  Vf 


“igare  9.4  Net  radiation  vs  samvr.ation  of  heat  fluxes,  O'Neill,  Nebraska 


(59) 


It  is  not  intencJed  to  imply  that  the  equivalence  of  tlie  eddy  co¬ 
efficients  for  momentum  and  heat  has  been  universally  accepted  in 
the  past.  Swinbank®  from  experiments  conducted  in  Australia  says 
. .  there  is  a  certain  notable  consistency  about  the  manner  in  which 

K„  exceeds  . . .  Not  only  is  this  order  of  the  coefficients  main- 
ti  m 

tained  from  one  occasion  to  another,  but  also,  broadly,  the  propor¬ 
tionality  among  them."  From  five  measurements  of  and  Kjj , 
his  average  ratio  is 

Kjj/Km=1.8,  (60) 

which  is  certainly  of  tlie  magnitude  of  the  ratio  of  to  v. 

4  ‘ 

Data  obtained  by  Rider  at  Cardington,  England,  also  supports 
this  value  of  the  ratio  of  and  Kjj ,  although  Rider  did  not  interpret 
the  results  as  support  for  the  non- equivalence  of  the  two  coefficients. 
From  averaging  of  nine  evaluations  of  Kjj  and  (at  75  centimeters) 
from  observed  energy  balance  computations,  Rider  finds  as  an  average 
ratio 

K„/K„.,70. 

While  this  value  is  indeed  near  unity,  it  is  remarkably  near  the 
Prandtl  number  (.711)  for  air. 

While  detailed  profiles  of  wind,  temperature,  and  humidity  have 
been  utilized  in  verifying  the  turbulent  transfer  equations,  the  equa¬ 
tions  theniselve.s  require  measurements  at  only  two  levels.  Since 
measurement  of  a  detailed  profile  requires  a  large  number  of  highly 
accurate  instruments  and  a  corniiarable  amount  of  technical  time  and 
attention,  it  would  seem  important  to  determine  the  degree  of  accuracy 
with  which  the  various  terms  in  the  energy  budget  would  have  ba  lanced 
had  only  two  levels  been  available.  Further,  the  data  available  should 
be  sufficient  to  determine  the  optimum  levels  at  which  measurements 
could  have  been  made. 
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The  matter  of  optimum  levels  must  require  a  compromise  which 
will  minimize  three  possible  sources  of  error.  First,  the  lowest  level 
needs  to  be  far  enough  above  the  surface  that  irregularities  in  that 
surface  do  not  cause  an  appreciable  uncertainty  in  determining  the 
height  of  that  level.  Second,  the  difference  in  height  bctw'een  the  two 
levels  needs  to  be  sufficiently  great  (in  terms  of  doubled  levels)  so  that 
errors  caused  by  instrument  inaccuracies  and  sampling  errors  are  not 
too  great.  Third,  the  top  level  needs  to  be  as  low  as  possible  so  as  to 
avoid  the  effect  of  buoyancy. 

To  study  the  combined  effect  of  these  three  error  sources,  the  data 
of  the  previous  section  have  been  treated  in  the  following  way.  Values 
of  Au,  Afl,  and  Ae  have  been  obtained  from  the  21  pairs  of  levels;  25  to 
50  cm,  25  to  100  cm,  25  to  200  cm,  25  to  400  cm,  25  to  800  cm,  25  to 
1600  cm,  50  to  100  cm,  50  to  200  cm,  50  to  400  cm,  50  to  800  cm,  50  to 
1600  cm,  100  to  200  cm,  100  to  400  cm,  100  to  800  cm,  100  to  1600  cm, 
200  to  400  cm,  200  to  800  cm,  200  to  1600  cm,  400  to  800  cm,  400  to 
1600  cm,  and  800  to  1600  cm.  The  number  of  Au's,  Afl's  and  Ae's,  ob¬ 
tained  in  this  manner  (per  pair  of  levels)  that  fall  within  10  percent  of 
the  corresponditig  profile  determinations  are  shown  in  Table  9.3. 

As  can  be  seen  from  this  table,  the  levels  at  25  and  100  cm  appear 
to  give  the  most  satisfactory  representation  of  the  entire  profiles.  This 
is  further  substantiated  by  Table  9.4  which  lists  the  best  fit  equations 
and  average  error  for  the  four  best  level  pairs,  as  well  as  that  obtained 
from  use  of  the  profiles  to  determine  Au,  AS,  and  Ae. 

9.7  Conclusion 

The  method  developed  in  this  paper  appears  to  be  satisfactory  for 
calculating  the  turbulent  transport  of  sensible  and  latent  heat  over  the 
range  of  conditions  represented  by  the  data  available. 

However,  since  it  differs  from  earlier  methods  by  approximately 
50  percent  and  since  the  test  data  are  restricted  to  a  summer  season 
witl'i  exclusively  southerly  winds,  it  would  appear  desirable  that  It  be 
tested  further,  preferably  by  other  workers  in  the  field. 
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Table  9,3.  Percentage  of  double- level  values  within  10  percent  of 

profile  values 


Level 

Pair 

(cm) 

Au 

cm/sec 

°C 

Ae 

mb 

% 

Level 

Pair 

(cm) 

Au 

cm/sec 

A0 

“C 

Ae 

mb 

% 

25-50 

17 

19 

19 

38 

100-200 

15 

12 

10 

26 

25-100 

25 

25 

18 

47 

100-400 

15 

14 

8 

26 

25-200 

28 

20 

17 

45 

100-800 

8 

8 

15 

22 

25-400 

24 

18 

11 

37 

100-1600 

7 

8 

12 

19 

25-800 

12 

17 

11 

28 

200-400 

12 

9 

9 

21 

25-1600 

12 

15 

15 

29 

200-800 

6 

10 

12 

19 

50-100 

18 

13 

8 

27 

200-1600 

3 

6 

14 

16 

50-200 

17 

13 

13 

30 

400-800 

4 

5 

6 

10 

50-400 

19 

17 

11 

33 

400-1600 

4 

4 

6 

10 

50-800 

10 

li 

12 

23 

800-1600 

4 

3 

6 

9 

50-1600 

9 

8 

8 

17 

Table  9.4.  Statistical  analysis  of  heat  budget  balance 


Average  Error 

9  Levels 

Metliod  Line  of  Best  Fit*  (cal/cm  sec)  Employed 


CLASSICAL 

y  = 

1.37X 

1.60 

X 

10- 

3 

Profiles 

DISTORTED  AREA 

y  ^ 

.92X 

1,14 

X 

10- 

3 

25- 

50  cm 

DISTORTED  AREA 

y  = 

1.0  X 

i.OG 

X 

10- 

3 

25- 

100  cm 

DISTORTED  AREA 

y  = 

1.0  X 

1.25 

X 

10- 

3 

25- 

200  cm 

DISTORTED  AREA 

y  = 

1.0  X 

1.40 

X 

10- 

3 

25- 

400  cm 

DISTORTED  AREA 

y  = 

.99X 

.43 

X 

10“ 

3 

Profiles 

*Line  of  regression 
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CHAPTER  10 


HEAT  BUDGET  DETERMINATIONS  MADE  BY  THE 
UNIVERSITY  OF  WISCONSIN  GROUP 


V.  E.  Suomi  and  P.  M.  Kului 
University  of  Wisconsin 

10.1  Instrumentation 

The  instrumentation  used  in  heat  budget  determinations  during 
Project  Prairie  Grass  was,  with  two  exceptions,  the  same  as  that 
used  by  the  University  of  Wisconsin  during  the  Great  Plains  Tur¬ 
bulence  Field  Program  in  1953.^  The  exceptions  are  as  follows: 

a.  In  1953  the  thermocouples  In  the  psychrometers  were  wired 
to  give  the  dry  bulb  temperature  difference  and  the  difference  in  the 
wet  bulb  depressions.  During  these  experiments  the  thermocouples 
were  v/ired  to  give  the  dry  bulb  temperature  difference  and  the  wet 
bulb  temperature  difference  so  tliat  the  vapor  pressure  difference  is 
given  by  the  relation 

Ae-.(K+k)AT^  -k  AT^  (1) 

where  k  is  the  psychrometric  constant  and  K  is  the  slope  of  the  vapor 
pressure  vs.  temperature  curve  at  the  mean  wet  bulb  temperature. 

Every  10  minutes  the  positions  of  the  two  psychrometers  were 
reversed  but  the  connection  to  the  recorder  was  not.  This  has  the 
effect  of  doubling  the  sensitivity  and  yet  eliminating  dead  zone  and 
zero  errors.  Therefore,  the  vapor  pressure  and  temperature  gradi¬ 
ents  obtained  during  the  Prairie  Grass  experiments  are  more  accurate 
than  those  obtained  in  1953.  This  is  especially  true  during  those  times 
that  the  gradient  la  small. 

b.  Soil  heat  flow  was  obtained  by  measuring  the  change  in  the 
heat  content  of  the  layer  0-5  cm  and  the  heat  flux  through  the  -5  cm 


level.  The  change  in  mean  tempemturje  of  the  0-5  cm  layer  i,yag  meas¬ 
ured  using  12  space -integrating  thermometers  similar  to  those  used  in 
1953.  Instead  of  a  manual  balancing  of  a  Wheatstone  bridge,  the  out-of¬ 
balance  curi'ent  was  recorded  on  the  12-point  Brown  recorder.  The  out- 
of “balance  current  depends  on  battery  voltage  as  well  as  resistance; 
however,  the  former  was  held  constant  by  employing  mercury  alkaline 
batteries.  The  heat  flow  through  the  -5  cm  layer  was  measures!  using  5 
heat  flux  plates  connected  in  series.  The  soil  term  G  listed  in  the  tables 
in  Section  10.2  is  the  sum  of  the  change  in  the  heat  content  of  the  layer  0 
to  -5  cm  and  the  heat  flux  through  the  -5  cm  level. 

10.2  Heat  Budget  Data 

The  heat  budget  values  listed  in  Table  10. i  are  20-minute  averages 
centered,  in  each  case,  on  the  period  of  gas  release.  Estimated  values 
are  shown  in  parentheses.  Missing  values,  due  to  instrument  failure, 
are  denoted  by  dashes.  Positive  signs  indicate  fluxes  toward  the  air- 
earth  interface;  negative  signs  indicate  fluxes  away  from  the  interface. 


Table  10.1  Heat  budget  data*  collected  by  the  University 
of  V/isconsin 


Gas  Release 
Number 

Date 

Time 

(CST) 

I 

% 

L 

E 

G 

3 

7/5 

2200 

-.10 

4 

7/6 

0100 

-.10 

5 

7/6 

1400 

1.30 

1.08 

6 

7/6 

1700 

.73 

.50 

7 

7/10 

1400 

1.35 

.82 

-.39 

-.26 

-.12 

8 

7/10 

1700 

.75 

.36 

-.23 

-.12 

.01 

9 

7/11 

1000 

1.06 

.61 

-.30 

-.18 

-.13 

10 

7/11 

1200 

1.23 

.76 

-.38 

-.24 

-.14 

11 

7/14 

0800 

.72 

.39 

-.21 

-.12 

-.05 

12 

7/14 

1000 

1.15 

.73 

-.38 

-.21 

-.14 

13 

7/22 

2000 

.03 

-.08 

.01 

0 

.06 

14 

7/22 

2200 

0 

-.07 

.01 

.01 

.05 

15 

7/23 

0800 

.70 

.38 

-.19 

-.08 

-.10 

16 

7/23 

1000 

1.15 

.70 

-.36 

-.18 

-.16 

17 

7/23 

2000 

.05 

-.06 

0 

,01 

.05 

18 

7/23 

2200 

0 

-.09 

-- 

— 

,04 

19 

7/25 

1100 

1.10 

.69 

-.40 

-.16 

-.14 

20 

7/25 

1300 

1.30 

.85 

-.52 

-.26 

-.06 

21 

7/25 

2200 

0 

-.05 

.02 

.01 

.02 

22 

7/26 

0000 

0 

-.07 

.02 

.01 

.05 

23 

7/29 

2100 

0 

-.09 

.04 

.02 

.02 

24 

7/29 

2300 

0 

-.08 

.03 

.02 

.02 

25 

8/1 

1300 

.72 

.46 

-.19 

-.23 

-.04 

26 

8/2 

1200 

.86 

.61 

-.20 

-.33 

-.08 

27 

8/2 

1400 

.97 

.64 

-.19 

-.37 

-.08 

28 

8/3 

0000 

0 

-.09 

-- 

— 

-- 

29 

8/3 

0200 

0 

-.06 

-- 

— 

.01 

30 

8/3 

1300 

1.22 

.84 

-.34 

-.39 

-.10 

31 

8/3 

1500 

.89 

.58 

-.25 

-.31 

-.03 

32 

8/6 

2000 

.02 

( -.09) 

-- 

-~ 

.04 

33 

8/7 

1300 

1.09 

.63 

-.39 

-.35 

-.08 

34 

8/7 

1500 

1.10 

.84 

-.44 

-.36 

-.05 

33 

8/11 

2130 

0 

-.06 

.02 

.01 

.03 

36 

8/11 

2330 

0 

-.07 

.01 

0 

.05 

37 

8/12 

0300 

0 

-.05 

-- 

.02 

38 

8/12 

0500 

.01 

-.07 

-- 

-- 

.02 

39 

8/13 

2230 

0 

0 

-.01 

-.02 

.03 

40 

8/14 

0030 

0 

-.01 

-.01 

-.02 

.04 

41 

8/14 

0300 

0 

-.01 

-.01 

-.01 

.02 

42 

8/14 

0500 

0 

0 

-.01 

-.01 

.02 
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Table  10,1  Heat  budget  data*  collected  by  the  University 
of  Wisconsin  (cont) 


Gas  Release 
Number 

Date 

Time 

(CST) 

I 

Rn 

L 

E 

G 

43 

8/15 

1200 

1,11 

.93 

M  mm 

44 

8/15 

1400 

1.13 

.93 

-- 

... 

4n 

8/15 

1200 

.41 

.25 

46 

8/15 

1845 

.05 

-.03 

^  - 

.04 

47 

1000 

.85 

,45 

-.21 

-.14 

-.11 

48 

8/21 

.39 

.21 

-.11 

-.05 

-.04 

*  All  heat  budget  entries  are  in  langleys  per  minute. 
I  represents  insolation 
RN  represents  net  radiation 
L  represents  convective  heat  transfer 
E  represents  evaporation 
G  represents  soil  heat  trajisfer 
(  )  denotes  estimated  value 

--  denotes  missing  data  due  to  instrument  failure 


REFERENCE 


1.  Lettau,  H.  H.  and  Davidson,  B.  Exploring  the  Atmosphere's  First 
Mi.ltJj  Pergamon  Press,  New  York,  i5"a7,  Volume~l,  Chapters  % 
3,  and  4. 


CHAPTER  11 

OPTICAL  MEASUREMENTS  OF  LAPSE  RATE 

R.  G.  Fleaglfi 
University  of.  Washington* 


11.1  Mroduction 

Detailed  and  very  accurate  observations  of  temperature  structure 
in  the  lowest  50  cm  of  the  atmosphere  have  been  made  above  a  cold 
water  surface  by  an  optical  method.^  These  observations  reveal  a 

minor  anomaly  in  the  temperature  profile  at  a  height  of  about  10  cm  of 

-4  “2 

air  (equivalent  to  an  optical  path  length  of  10  gm  cm  of  water 
vapor)  which  is  consistent  with  simple  numerical  calculations  based  on 
extrapolated  radiative  absorption  coefficients  for  water  vapor.  At  this 
height  above  a  cold  surface,  the  air  cools  by  radiation  at  several  de¬ 
grees  Centigrade  per  hour;  and,  this  cooling  is  reflected  in  the  observed 
anomaly  in  tlie  temperature  profile. 

Optical  observations  were  incorporated  In  Project  Prairie  Grass 
to  determine  the  detailed  temperature  f.tructure  above  a  warm  land 
surface.  The  method  used  was  essentially  that  described  in  reference 
1,  but  certain  modifications  in  detailed  technique  were  necessary.  The 
instrument  used  was  a  field  artillery  range  finder  operated  in  the  verti" 
cal  position.  In  lapse  conditions  the  two  light  paths  from  instrument  to 
target  diverge  from  their  respective  straight-line  directions  as  shown  in 
Figure  11.1,  whereas  in  inversions  the  light  paths  converge  from  their 
respective  straight-line  directions.  The  instrument  is  mechanically 


*  Personnel  of  the  Texas  A&M  Research  Foundation,  under  the  direction 
of  Professor  Maurice  Ifelstead,  consfrurted  the  optical  targets  and 
mauc  liie  time  aeries  observations. 

Max  Scoggins,  General  Electric  Company.  Richland,  Washington,  helped 
in  Installation  of  the  equipment  and  In  maxing  the  profile  observations. 
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limited  to  measuring  converging  angles;  consequently,  in  lapse  conditions 
it  was  necessary  to  use  targets  separated  by  a  vertical  distance  less  than 
the  separation  of  the  lenses.  The  separation  used  in  lapse  conditions  was 
90  or  95  cm,  whereas  the  separation  of  lenses  is  100  cm.  For  this  reason, 
in  lapse  conditions  the  upper  path  sloped  slightly  with  respect  to  the  lower 
path,  but  not  enough  to  affect  the  measurements  appreciably.  From  Figure 
11.1  and  Eq,  (1)  of  reference  1,  it  follows  that 


h  ' 

hix' 

XX'  (n-1) 

g 

_ _  1 

”l 

X 

2nT 

~~  ‘T 

R 

\8zy 

.1 

1)  ' 

hjX’ 

XX' (n-1) 

g 

/8  T  ^ 

"2 

K 

2nT 

+ 

R 

\8zy 

2 

where  n  represents  index  of  refraction  for  air;  T,  absolute  temperature; 
z,  height  coordinate;  x,  horizontal  distance  between  Instrument  and  target; 
and  X',  apiiarcnt  distance  to  point  of  convergence  of  tangent  lines  (instru¬ 
mental  reading).  Also,  Figure  11.1  shows  that 

hg  -  hj’  =  (Z-L)-!’-  Z  (3) 

where  L  represents  the  vertical  separation  at  tlie  target  lines  and  Z  the 
vertical  separation  of  the  lenses.  Substitution  of  Eqs.  (1)  and  (2)  in  Eq. 

(3)  gives 


/8T\  _  (dT\ 

2nT 

Z-L  _ 

\8z/2  Iszjj 

x(n-l) 

X  x' 

For  L  =  Z,  Eq.  (4)  reduces  to  Eq,  (5)  of  reference  1.  Nine  targets,  each 
consisting  of  two  (or  more)  horizontal  black  lines  on  white  backgroimds 
were  moimted  at  varying  distances  from  the  instrument.  The  black  lines 
are  indicated  as  target  lines  in  Figure  11,1.  Flashlight  bulbs  were  in¬ 
stalled  at  a  vertical  separation  of  100  cm  for  night  observations.  Heights 
of  the  lower  black  line,  equal  to  height  of  the  lower  lens,  were  chosen  as 
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indicated  In  the  accompanying  data.  In  order  to  minimize  effects  of  in¬ 
homogeneities  in  terrain,  targets  were  placed  as  close  as  was  feasible 
to  a  radial  line  running  outward  from  the  insti-ument.  For  the  first  50 
yards  the  land  m\a  extremely  flat,  the  main  obstructions  to  vision  being 
small  tufts  of  grass,  On  July  11,  the  grass  v/as  cut  to  lawn  height  along 
the  light  path  out  to  about  100  yards  permitting  observations  at  a  mean 
height  of  about  6  cm  above  the  soil.  Between  50  and  300  yards  the  land 
was  flat  except  for  a  few  areas  of  small  scale  roughness.  Between  300 
and  500  yards  a  ridge  in  the  terrain  may  have  influenced  the  500  yard 
(50  cm)  readings.  However,  the  portion  of  the  light  path  near  the  target 
is  less  important  than  the  portion  near  the  lenses,  so  that  the  effect  of 
inhomogeneous  terrain  probably  was  small  compared  with  the  effect  of 
variations  in  time. 

11,2  Observations 

The  differences  in  lapse  rates  at  the  heights  of  the  upper  and  lower 
lenses  computed  from  Eq.  (1)  are  tabulated  in  Tables  11,1,  11.2,  and 
11.3.  Five  of  the  nine  profiles  are  shown  in  Figure  11.2.  On  July  10  at 
1715  CST,  prior  to  grass  cutting,  the  anomaly  was  unmistakable  at  about 
16  cm.  On  July  11  and  12,  after  the  grass  was  cut,  the  anomaly  was 
present  at  a  height  of  about  12  cm;  but  the  height  of  the  anomaly  above 
the  effective  radiating  surface  was  comparable  to  the  earlier  observa¬ 
tions. 

In  order  to  develop  the  temperature  profile  from  the  differences  in 
lapse  rate,  the  lapse  rate  at  one  height  must  be  kjiown,  The  lapse  rate 
at  150  cm  was  appro.ximated  by  extrapolating  the  curves  of  the  type 
shown  in  Figure  11.2  linearly  to  150  cm  and  assuming  that  this  value 
represents  the  lapse  rate  at  this  height.  Although  this  assumption  may 
be  grossly  in  error,  the  lapse  rate  is  in  any  case  small  enough  in  magni¬ 
tude  at  this  height  that  subsequent  calculations  are  not  significantly 
affected.  Numerical  integration  then  gives  the  temperature  profiles  shown 
In  Figure  11.3.  The  anomaly  is  evident  on  all  but  the  inversion  profile, 
and  in  (this  case  the  data  reveal  a  slight  anomaly  at  about  25  cm  height. 
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A  time  series  of  observations  at  12  cm  (50  yard  range)  was  mau  n 
25  July,  26  July,  and  2  August,  On  2  August  four  observations  were  talien 
during  each  5  minutes  for  25  minutes  out  of  each  hour  between  1155  and  1620 
CST.  These  data  are  tabulated  and  are  shown  in  Figure  11.4,  They  show 
that  the  variations  encountered  in  25  minutes  are  as  large  as  one -fourth  to 
one-half  of  the  difference  on  lapse  rate,  itself.  It  must  be  concluded  that 
the  profiles  shown  in  Figures  11.2  and  11,3  are  subject  to  error  from  time 
variation  in  lapse  rate.  However,  the  reality  of  the  anomaly  is  not  in  doubt 
because  the  anomaly  appeared  consistently  and  because  the  anomaly  in 
lapse  rate  exceeds  the  variation  In  time  by  roughly  an  order  of  magnitude. 

REFERENCE 

1.  Fleagle,  R.  G.,  "The  temperature  distribution  near  a  cold  surface." 

J.  Meteor.  13,  160-165,  1956. 


131 


Table  U.l  Values  of  A(OT/#z)  Found  by  Optical  Method* 


Lower  Lens 


Distance 


a(ot/»7.) 


Height 

(cm) 

(yd) 

('■C/cm) 

1715 

10.1aly 

iitu 

11  July 

1845 

1 1  July 

2155 

1 1  July 

1130 

12  July 

1550 

12July 

2135 

12  July 

100 

500 

50 

500 

-COB 

-.027 

50 

300 

1.021  to. 024 

1 .005 

-.008 

.00 

-.110 

30 

200 

BBwil 

.040  in .048 

Oil 

.00 

1.050 

20 

125 

■  O-ll  1 

.008 lo. 000 

.024 

.00 

.0741(1.000 

■mSTMUH 

18 

75 

.0(10  ! 

17  1 

50 

1 

15 

75 

.0731(1.082 

.042 

-.025 

.110 

.040 

(.018 

H 

30 

,013 

12 

50 

.  1 20  tu .  1  50 

.050 

-.048 

.170 

.045 

1  -.380 

12 

20 

10 

30 

.121 

.00 

•  .OOG 

.105 

.016 

.00 

8 

25 

.027 

-.080 

.309 

-1.20 

6 

_ _ J 

20 

1.20 

.OOG 

-.092 

.438 

B 

-.48  to  -2.1 

Table  11.2 

Values  of  A<8T/oz)  Found  by  Optical  Method* 

Date 

Time 

(CST) 

Lower  Lens 
Height 

(cm) 

Dlstiuice 

(yd) 

ii(8T/8z) 

(“C/nm) 

21  July 

1300 

6 

20 

+.280 

1309 

12 

SO 

.100 

1425 

12 

SO 

.255 

23  July 

0800 

12 

SO 

.073 

0803 

0 

20 

.261 

0905 

8 

2S 

.140 

0808 

10 

30 

,098 

0810 

12 

50 

.110 

0813 

IS 

75 

,064 

0815 

20 

125 

,050 

0819 

30 

200 

.034 

0822 

50 

300 

,020 

0905 

8 

25 

.200 

U9U9 

10 

30 

.160 

0913 

12 

so 

.127 

0917 

IS 

75 

.098 

0921 

20 

12S 

.064 

0925 

30 

200 

.047 

0955 

12 

so 

,145 

1007 

12 

50 

.138 

1015 

12 

SO 

.174 

1200 

12 

50 

.150 

1210 

12 

50 

.138 

I355.-  uon 

12 

50 

.158, ,171,. 171,. 176,  .200 

IfjlO 

12 

50 

,180, .160, .135 

1555 

12 

50 

.1.30.  .138,  .128 

1*^ 

50 

,105, .097,  .103 

1755 

12 

50 

.033,  .065,  ,058 

31  July 

1130 

G 

20 

.200 

Table  11.3  Time  Series  of  at  Height  of  12  cm 
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Figure  11.3  Optical  temperature  profiles,  O'Neill.  Nebraska, 

10-12  July  1956. 


j-igure  11.4  Time  series  of  A  (8T/az)  at  a  height  of  12  cm,  O'Neill, 

Nebrasl;a,  2  August  1956. 


CHAPTER  12 
RAWINSONDE  DATA 


P.  A.  Giorgio 

Geophysics  Research  Directorate 
Air  Force  Cambridge  Research  Center 


The  table  in  this  chapter  contains  rawlnsonde  measurements 
made  by  the  6th  Weather  Squadron  (Mobile),  Tinker  AFB,  Oklahoma. 

A  rawlnsonde  ascent  was  made  at  the  test  site  for  all  gas  releases 
except  those  numbei'ed  35s  and  48s.  For  each  ascent,  GMD-IA  equip¬ 
ment  was  used  and  tabular  data  computed  according  to  the  instruc¬ 
tions  contained  in  the  USWB  Circular  P  and  Air  Weather  Service 
Addenda.  The  computations  were  reviewed  by  an  independent  group 
using  the  same  techniques. 

Values  of  pressure,  height,  temperature  and  relative  humidity 
are  given  for  the  significant  and  mandatory  levels.  The  pressure 
is  given  in  whole  millibars,  the  height  in  meters  above  the  ground 
(elevation  of  site  above  mean  sea  level  is  603  meter.s),  the  tempera¬ 
ture  in  tenths  of  degrees  centigrade  auid  tiie  relative  humidity  in 
percent. 

Values  of  the  wind  arc  given  for  standard  heights.  The  height 
is  given  in  meters  above  the  ground,  the  direction  in  degrees 
(360  degree  compass)  to  the  nearest  ten  degrees,  and  the  speed 
to  the  nearest  tenth  of  a  meter  per  second. 


Table  12.1 


Gas  Release  No.  1  Gas  Ruleaso  No.  2 


Table  12.1  (Continued) 


Table  12.1  (Continued) 


(la.s  I’eluase  No.  9 
11  July  1950  OllliOC 


Gas  Hclenso  No.  10 
11  July  1950  1150C 


r 

/. 

T 

it.ii. 

I* 

z 

T 

a,  II. 

(mb) 

(m) 

('(.') 

(%) 

(mb) 

(m) 

(°c) 

(%} 

Odl 

37.3 

53 

91 1 

0 

30.8 

11 

930 

31.9 

4H 

020 

20.5 

17 

900 

.390 

2‘.\ 

53 

000 

391 

21.1 

52 

090 

31.1 

51 

000 

(192 

19.9 

03 

1171 

33  1 

57 

OKI 

19.1 

01 

liU'J 

22. •[ 

0!li» 

20,5 

57 

ao3 

20  ;> 

10 

OOO 

1115 

18.0 

50 

000 

MM 

30  3 

•17 

70» 

10.5 

43 

710 

13  5 

711 

10.0 

50 

700 

2  51 II 

10.11 

•10 

7(.>() 

3515 

9.7 

52 

035 

1  1 

01 

ooa 

0.1 

1C 

000 

:uti2 

0.7 

i;r, 

(;oo 

3001 

0.2 

05 

U  imi.s 

Wiiid.s 

/, 

(1(1(1 

(f 

z 

Odd 

U 

(ml 

(dci:) 

(III  see) 

(m) 

(deg) 

(m/sec) 

.SIC 

O't! 

1(10 

1  (■ 

.Sl( 

02 

330 

3.C 

'Mii) 

;‘!o 

In  0 

300 

230 

n  0 

(iJlO 

220 

H  2 

5110 

330 

5  9 

IH.O 

3.'(l 

• , 

900 

330 

0.0 

122(1 

210 

a  s 

1330 

310 

8.0 

1 

210 

a  a 

lOOO 

310 

7.8 

IIOKI 

22n 

7  (1 

1 950 

220 

0.8 

:'.r.'(i 

330 

7  3 

3300 

310 

0.7 

2'11(I 

2.:)0 

a  II 

2ri7o 

350 

7,5 

3730 

200 

<>  0 

2000 

200 

9.5 

MOOf) 

2!I0 

a  :i 

.3330 

370 

11,2 

3310 

2!IO 

a  !) 

3000 

280 

11.2 

35  1 0 

390 

11  (I 

1070 

29(1 

13.2 

3750 

390 

13  1 

'looo 

2:io 

I'l  2 

144 


Table  12.1  (Continued) 


Gaa  Roleasc  No.  IS 
23  July  1950  0750C 


Gas  Release  No.  10 
23  July  1956  O9S0C 


p 

Z 

■■ 

R.H. 

P 

z 

T 

n.ii.  ! 

(mb) 

(m) 

■M 

(%1 

(mb) 

(m) 

(“C) 

mm 

049 

21.0 

G4 

948 

0 

20.5 

48 

940 

10.4 

60 

935 

23,3 

54 

024 

21. 1 

07 

900 

454 

20.8 

00 

900 

■158 

20.8 

850 

945 

10.7 

09 

867 

20.7 

.'ill 

841 

15.9 

70 

6S3 

17.0 

00 

810 

14.4 

.33 

850 

048 

16. U 

05 

800 

1 158 

13,0 

34 

600 

1402 

13.0 

709 

10.9 

.38 

728 

7.2 

19 

728 

7.1 

59 

70U 

2509 

0.8 

715 

0.7 

50 

698 

(1  7 

mil 

708 

0,4 

27 

044 

■l.U 

mb 

700 

2504 

6.4 

26 

600 

3820 

0,0 

mb 

681 

0.4 

22 

058 

3.9 

40 

(iOO 

3812 

0.5 

37 

Wiixls 

VV'iml.s 

■1 

dcld 

11 

Z 

ddd 

II 

. 

(m) 

(dOK) 

(m/nt'c) 

(m) 

(dOR) 

(m/suc) 

SKC 

2  1 

.SIC 

■  ■ 

2.1 

•1  4 

2.0 

000 

240 

2.IJ 

2.0 

010 

230 

1  II 

Hlfl 

2.0 

1210 

230 

1.0 

l.l 

1500 

2u0 

0  9 

4,2 

1800 

.130 

2  0 

1980 

4 )  1  0 

7.3 

2090 

300 

4.7 

2280 

010 

10.0 

2380 

300 

7.8 

2000 

010 

12.5 

2680 

300 

9.5 

2910 

010 

13.5 

2080 

350 

10.7 

3230 

010 

13.2 

3200 

340 

10.9 

3570 

010 

12.4 

3560 

350 

10  0 

3880 

350 

10.2 

3850 

350 

8,9 

TsWfl  12.1  (Continued) 


Gas  Roloaso  No.  17  Gaa  Release  No.  IB 

23  July  1056  lOSOC  23  July  1956  2150C 


p 

■■ 

R.li. 

P 

Z 

■1 

an. 

(mb) 

(%) 

(mb) 

(m) 

■■ 

(%) 

013 

0 

28.0 

39 

943 

0 

23.6 

54 

028 

29,0 

32 

02G 

27.6 

35 

000 

414 

27.0 

35 

900 

411 

33 

850 

016 

23,1 

40 

898 

33 

804 

19,5 

43 

850 

911 

23.1 

39 

800 

1441 

10.1 

45 

841 

22.8 

30 

700 

2571 

o.a 

64 

BOO 

18.9 

47 

GOO 

3820 

-  0.7 

85 

700 

9.0 

64 

_ 

084 

n 

7.2 

67 

inii 

WimlH 

winds 

z 

ddd 

1 

it 

•  S 

Z 

ddd 

(ni) 

(dog) 

(m/sor) 

(m) 

(deg) 

(m/aoc) 

.SFC 

02 

170 

2.1 

SFC 

02 

180 

2.1 

310 

160 

6.8 

300 

200 

13.1 

620 

200 

1.5 

050 

520 

15.2 

930 

12.5 

1000 

240 

13.2 

1280 

230 

1.3.  n 

1310 

200 

13.0 

IG20 

12.0 

1070 

280 

15.0 

2000 

10.4 

2000 

260 

14.5 

2330 

310 

10.8 

2310 

300 

14.5 

2070 

13.9 

3010 

320 

15.8 

3350 

320 

16.8 

3700 

18.1 

4060 

230 

18.9 

146 
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Table  12.1 

Gaa  Rolcaso  No.  23 


29  July  1950  2nrioc: 


p 

z 

T 

R.ll. 

(mb) 

(ni) 

c'c) 

(%) 

014 

0 

23.9 

70 

417 

21.7 

860 

10.4 

850 

on 

19. S 

836 

19.1 

804 

17.5 

70 

800 

1432 

17.0 

70 

770 

lll.O 

47 

700 

2507 

11.9 

45 

690 

11.4 

44 

68S 

10.1 

51 

014 

3.9 

03 

000 

3837 

2.2 

(jQ 

WindJi 

Z 

Odd 

n 

(m) 

(deg) 

(m/s<!c) 

SFC 

02 

■■ 

200 

coo 

120 

890 

090 

11.5 

1190 

070 

11.5 

1480 

11. 1 

1730 

7.8 

2020 

030 

5.0 

?,?.00 

4.1 

2520 

3.7 

2820 

010 

5.3 

3100 

010 

0.4 

3300 

300 

0.0 

300 

0  5 

3920 

3G0 

0  (1 

I 


I 

I 
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(Continued) 


Gas  Release  No.  24 
29  July  1950  2250C 


CiOOCi-^CJOaCSOOO 

OtOC^<OOOC;('^C'CO>fr 

OOCa*ekOOOCcc.uos 


Table  12. 1  (Continued) 


Gas  Release  No.  30 
3  Aug  1056  I2SC 


Gas  Itoloase  No.  29 
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CHAPTER  13 

AIRPLANE  OBSERVATION  DATA 
P.  J.  Harney 

Geophysics  Research  Directorate 
Air  Force  Cambridge  Research  Center 

13.1  Introduction 

The  aircraft  soundings  taken  at  O'Neill,  Nebraska  at  the  times  of 
the  diffusion  experiments  are  tabulated  on  the  following  pages.  The  data 
were  recorded  on  an  AFCRC  Aerograph  (Kollsman  KS-4).  In  addition, 
altitude  was  read  from  a  calibrated  sensitive  altimeter  by  an  observer 
who  also  noted  air  conditions. 

The  pattern  for  the  sounding  which  was  regularly  followed  consis¬ 
ted  of  horizontal  passes  at  con.stant  airspeed  and  altitude  along  the  north 
mile  of  the  site  section  for  altitudes  up  to  1000  ft.  Then  a  box  climb  was 
made  with  observations  on  each  side  in  level  flight  for  30  seconds.  Unless 
clouds  bitervened,  this  was  continued  to  7000  ft  above  the  site  itself  (9000 
ft  mean  sea  level  Indicated  altitude).  A  spiral  descent  followed  with  one 
observation  at  either  1000  ft  or  300  ft  and  a  final  traverse  at  an  altitude 
similar  to  the  initial  run. 

13.2  Tabulated  Data 

The  first  column,  Z^,  gives  the  pressure  altitude  obtained  from 
altimeter  readings.  The  height  of  the  lowest  level  was  adjusted  to  match 
the  pilot’s  intention  to  fly  by  his  own  calibrated  altimeter  and  by  visual 
reference  to  50-foot  instrument  towers  Jiearby.  The  other  levels  were 
corrected  for  scale  and  installation  errors  but  can  be  as  much  as  25  feet 
too  high  due  to  a  lack  of  up-to-dale  information  on  these  errors  and  on 
the  aiit>ort  elevation. 

The  column  i.s  the  pressure  in  millibars  obtained  by  converting 
altimeter  readings  through  use  of  a  standard  altitude  table. 
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The  T  column  is  the  lexnpei’ature  in  °C  read  from  a  thermistor  bead 
in  a  stagnation  type  probe  on  a  boom  on  the  wing.  The  value  represents 
an  average  for  the  traverse  when  the  trace  was  changeable  and  a  value  at 
the  end  of  the  traverse  when  a  drift  of  temperature  was  noted.  The  value 
represents  a  free  air  temperature  because  it  has  tjeen  corrected  for 
dynamic  heating  using  a  recovery  factor  of  0,85,  found  to  be  typical  for 
the  equipment  used.  The  accuracy  was  of  the  order  ±  0.2"C.  Part  of 
this  spread  was  due  to  a  modification  to  make  the  recorder  more  sensi¬ 
tive,  which  allowed  the  indicator  to  hunt  through  this  range  during  the 
time  of  high  ambient  temperatures. 

A  column  marked  #  refers  to  the  behavior  of  the  temperature 
trace.  The  code  used  is  similar  to  the  one  wed  for  pressure  tendency 
reports.  The  first  figure  indicates  the  trend  shown  by  the  trace  during  the 
traverse,  which  lasted  about  30  seconds.  (The  time  taken  to  cover  the  one 
mile  at  100  knots  indicated  air  speed.)  The  second  figure  is  the  amount  of 
change  (plus  or  minus)  indicated  by  an  oscillating  trace  or  the  amount  of 
temperature  shift  as  indicated  by  the  drifting  of  the  trace.  The  significant 
values  are  given  in  the  legend  prefacing  the  table. 

The  RH  column  lists  the  eslimaled  relative  humidity  obtained  from 
a  carbon -oloment  electric  hygrometer.  The  calibration  curve  used  was 
that  for  a  batch  of  pre-production  elements.  This  was  checked  against 
apron  values  of  a  sling  psychrometer  before  and  after  the  flights.  Com¬ 
parison  was  made  with  the  dally  radiosonde  upper  air  observations 
(lithium  chloride  elements)  and  the  raiibration  curve  was  shifted  to  match 
the  deviation  of  the  overall  average.  As  is  customary,  allowance  was  made  for 
a  small  temperature  shift;  also  in  this  RH  column  an  allowance  was  made 
for  the  increjise  in  probe  pressure  of  15  mb.  The  same  element  was  used 
throughout  because  no  deterioration  nor  regular  shift  could  be  proven  in 
the  field.  The  accuracy  is  of  the  order  of  5  percent. 

The  VP  column  for  vapor  pressure  in  millibars  and  Hie  DP  column 
for  dew  point  in  "C  are  slide  rule  values.  They  are  computed  without 
allowance  for  the  above  mentioned  probe-pressure  effect.  The  gradient 


values  are  considered  good  due  to  the  fast  response  of  the  humidity 
element  at  these  high  temperatui*es.  The  accuracy  of  the  absolute 
values  is  limited  as  noted  above. 

The  TIME  shown  for  each  sounding  is  generally  that  of  the  time 
of  gas  release  for  convenient  reference.  The  sounding  actually  started 
with  the  first  pass;  this  first  pass  almost  always  corresponded  with  the 
start  of  the  ground  meteorological  observations  which  was  5  minutes 
before  gas  release  time.  The  first  traverse  followed  the  radiosonde 
balloon  release  by  5  minutes.  The  top  level  of  a  complete  sounding  was 
reached  about  30  minutes  and  the  final  run  about  45  minutes  after  the 
first  traverse. 

13.3  Remarks 

Aircraft  observations  were  not  made  for  tests  23,  24,  31,  32,  33, 

and  34,  At  these  times  the  aircraft  was  at  Omaha  for  engine  change  and 
installation  of  additional  instruments.  An  extra  run  of  note  was  made 
and  this  Is  included  as  I'ield  Test  No.  48S. 

The  aireraft  used  was  a  standard  IISAF  1.-20,  Instrumented  by  the 
Research  Airborne  Engineering  Branch  of  the  Hanscom  Air  Force  Base, 
Bedford,  Mass.  The  crew  consisted  of  Lt.  iCJeorge  A.  Sexton,  U.  E.  E. 
Clark,  pilots,  and  A/lc  John  I.  Knutila,  A/lc  Joseph  H.  Drlever,  crew 
chiefs, 

The  thermistor  used  was  modified  for  a  response  time  of  alx>ut 
three  seconds  and  calibrated  by  James  H.  Meyer  of  the  Lincoln  Labora¬ 
tory.  The  calibration  used  with  the  carbon  element  was  provided  by 
Alfred  Spatola  of  the  Cloud  Physics  Section  of  GRD, 
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Table  13.1  Aircraft  Observations 


LEGEND 

Code  for  the  #  symbol 

First  Figure  Temperature  Behavior 

2  Unsteady  or  oscillating  trace,  may  include  a  jump  or  a  hump. 

3  Drift  to  warmer  temperature  which  is  maintained. 

8  Drift  to  colder  temperatnrp  which  is  maintained. 

dash  Smooth  trace,  no  temperature  change. 


Second  Figure 

Temperature  Oscillation 

Temperature  Drift 

none 

±  0.2t 

less  than  0.5'’C 

2 

±  0.3 

0,5 

4 

±  0.5 

1.0 

5 

i  0,6 

1.2 

6 

±  0.8 

1.5 

Abbreviations  used  are  those  of  the  airways  teletype  code  and  con 
tractions  whose  meaning  Is  evident. 

The  observer's  initials  are  listed  because  non-meteorological 
aides  made  frequent  flights  onwhich  their  observations  are  sparse.  The 
pilots  alternated  in  flying  and  no  difference  in  techniques  was  noted. 
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Table  13.1  ^Continued) 


FIELD  TEST  NO, 

s 
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P 

T 
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e 

Td 
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26.5 

32 

63 

•22.1 

19.1 

35 

045.0 
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Tjiblo  13.1  (Continued) 
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18,4 

39 

0.4 

4  4 

Y:jw 

rr  *r  f»  t\ 

1  wj.u 

16. 1 

40 

7.3 

2.4 

724.5 

13.0 

48 

7.1 

2.1 

St.'iuly 

r<innnw  yif  J900 

280 

034.0 

27.0 

34 

44 

10. 4 

14.4 

70 

■ 

20.2 

1^4 

50 

:!()  8 

18.2 

Dump 

#  Sfio  l.ryoncl 


No,  U  Si  12 


FlKI-n  TEST  NO.  13 


Table  13. 1  (CoiUlnuetl) 
22  JULY  1950 


2000  CST 


'"‘1. 

'll) 

P 

(mb) 

— 

T 

("C) 

f 

111! 

(%) 

c 

(mb) 

B 

Remarks 

45 

047,0 

23.3 

(.12 

02 

in.i 

16.0 

SC  vcspcralla  OOOO' 

iiO 

045.5 

22.8 

65 

18.2 

16.0 

Sun  lew  at  the  horizon 

180 

942.5 

23.1 

17.0 

Smooth 

935.0 

23.0 

5& 

16. 9 

620 

927.0 

21.8 

32 

G2 

Ifl.O 

14.6 

Very  smooth 

830 

920.0 

21.2 

65 

16.  S 

14.5 

One  lift;  .•miiRRl 

JOOD 

9i<1.5 

20.0 

G7 

14.9 

1503 

807.5 

lO.G 

82 

71 

14.5 

IIOOO 

881.0 

18.0 

72 

15.0 

13. 1. 

Very  light  turbe 

OOR, 

IG.C 

72 

1  J.O 

i  i.5 

Sm(x)th 

1  30:',. 

84H.0 

)5.1 

73 

12.8 

10.  G 

3505 

833.0 

13.7 

77 

12.2 

10.0 

R  M  Osc 

BIG. 5 

12.G 

UU 

13.3 

11.2 

Smooth 

BiMa 

78G.S 

10.4 

97 

12.4 

10.  i 

6070 

8.1 

100 

11.3 

8.1 

Cloud  base  5800 

G.3 

90 

9.4 

6.0 

Top  about  6500  vrbl 

285 

22.3 

62 

17.0 

15.0 

160 

042.5 

22.11 

22 

60 

16.8 

14.8 

Obsr  P.H. 

FIElilTEST  NO.  14  22 .1111, Y  1050  _  2200  CST 


(ft) 

p 

(ml)) 

T 

rc) 

r 

§ 

lur 

{%) 

'  "■ 

c 

(mb) 

Td 

("C) 

Remarks 

no 

943.5 

21,7 

22 

57 

15.0 

13.0 

35.5 

937.0 

22.4 

54 

14.8 

12.9 

000 

028.. 5 

21.8 

00 

15.8 

13  8 

820 

92. ’.0 

21.4 

51) 

ir.  2 

13  2 

985 

015.5 

21.0 

50 

14.3 

12.3 

1500 

808.5 

19.0 

62 

14.4 

12,4 

1085 

882.5 

18.1 

73 

15.4 

13.4 

2485 

860.0 

1G.7 

22 

81 

15.6 

13.6 

I-Igtit  Uirbe 

Pun 

850.0 

15,0 

14.4 

12.4 

LIglil  turhc 

3495 

834.0 

14.4 

13.0 

4005 

13,  t 

09 

13. 1 

4990 

708.0 

11.3 

m 

11.2 

8.7 

Ocnl  bump  above 

6025 

758.0 

9.4 

75 

5.4 

7020 

729,5 

0.9 

87 

8.8 

5.1 

260 

040.0 

22.3 

54 

14. B 

12.8 

170 

043.5 

22.3 

22 

53 

14.5 

12.  .5 

•I  Hcv  I.fijciifl 


Table  13.1  (Continued) 


F1F.LJ>  Tr:ST  N'Q.  t;> _ 23  JUUV  1950  0800  CST 


P 

T 

f 

nil 

1 

c 

T(l 

Romni'ks 

(d) 

(mb) 

C'c) 

(%) 

(mb) 

("C) 

047.0 

19.4 

22 

84 

19.2 

iG.e 

75 

042.5 

19.2 

22 

83 

10.5 

183 

19.0 

84 

18.8 

16.5 

305 

Hi  ( wl 

18.0 

84 

10.4 

Occanloriftl  11  turbo 

035 

V  HiH 

20.1 

22 

80 

19.1 

16.8 

845 

010.5 

20.3 

HI 

17.2 

1005 

014,0 

20.1 

82 

19.6 

17.2 

Hazy  level  not  sharp 

1525 

897.0 

20.0 

05 

15.8 

13.0 

880.5 

18.8 

09 

15.2 

13.2 

BiH'rM 

8G5.0 

17. 1 

78 

15.5 

13.5 

848,0 

15.0 

84 

15,3 

13.3 

|i| 

832,5 

810.0 

15.2 

13.0 

.50 

47 

10.4 

7.5 

7.5 

2.8 

Above  smoky  layer 

F  'IM 

786.0 

11.7 

42 

5.9 

-0.4 

750.0 

0.4 

30 

1.3 

-4.1 

7085 

727.0 

7.H 

32 

3.5 

-0.5 

Few  Ac  0.-.  .horizon 

285 

9.18.5 

20.4 

32 

84 

20,3 

17.8 

A  few  lUllu  bumpf 

00 

040,5 

21.3 

75 

10.3 

14.0 

#  See  Logend 


Tilhio  IS.l  (Coi>tiiiuo{|) 


riI'U.D  TIiST  NO.  17 

23  JUL.y  1050 

2000  CST 

7, 

l> 

1> 

’T 

» 

1(11 

t! 

Td 

Kumarka 

(11) 

(mb) 

CC) 

(%) 

(mb) 

<“C) 

r,n 

9‘tl.O 

29.0 

37 

14.0 

12.6 

80 

940,0 

28.8 

37 

14.4 

12.4 

180 

93<11.5 

29.3 

__ 

35 

14.4 

12.4 

390 

29.5 

22 

33 

13.7 

020 

D2.I.5 

29.4 

29 

1?  0 

820 

Klim 

28.  U 

22 

31 

12.2 

990 

28.2 

.33 

10.7 

10.5 

1<180 

892.;') 

20.  U 

22 

32 

11.9 

9.5 

200.8 

875,5 

25,5 

34 

11.3 

8.0 

Plrops  lnni|)  72°  F 

250S 

24.8 

12 

36 

112 

8.7 

2Qnfj 

8-M.O 

25  2 

‘Jti 

10.8 

8.2 

3505 

827.5 

21  7 

39 

10.2 

3995 

812.5 

20.3 

44 

10  4 

7,6 

SOIS 

781.5 

17.5 

40 

0.8 

0005 

752.5 

14.0 

52 

8  it 

5.4 

7040 

11.8 

.14 

4.5 

Very  Igl  lurbe  Pimps  S3"F 

280 

933.0 

28.4 

35 

13.7 

11  6 

180 

930,5 

28,4 

22 

30 

14  1 

12.1 

OhurJ.O. 

1  FIEIJ)  TEST  NO,  18 

23  JULY  195(1 

2200  CST 

(») 

P 

(mb) 

T 

CC} 

C 

lUI 

(%) 

e 

(mil) 

Td 

CC) 

Kcniarka 

ICO 

27.0 

32 

30 

14.3 

(.SI  Cu  (Irlfli'd  out, 

345 

032.5 

27.9 

22 

35 

13.3 

■m 

Wind  varied  wllti 

005 

27.0 

32 

30 

13.4 

■DQ 

clrnid  iovi-t'i 

815 

910.5 

27  7 

33 

12.4 

985 

27.2 

33 

12.1 

1475 

804.5 

20,4 

32 

11.  i 

8 HI  liimip 

1980 

878.0 

25.6 

30 

il.V 

I  "1  turbi’  ccmtlniioua 

2490 

801.5 

24.4 

39 

11. H 

IhinipH  iml  i'liHlH 

2970 

840.0 

23,4 

22 

30 

II. 3 

(J'lrepH  all  i  liiiiigus  nitlier 

Iban  iilr«)H!rd  eliiuigea 
niilwl) 

3510 

829.0 

21.0 

82 

42 

11.  1 

4010 

813.5 

20,3 

22 

40 

10.9 

Hiimll  liut  pitebing 

Cliuppy 

5010 

783.5 

17  4 

22 

54 

10.8 

754.0 

14.0 

01 

10.3 

Wallowv 

725.5 

11.6 

05 

W.O 

Up  Si  <liiwn  drafts 

265 

035,5 

20.4 

62 

42 

14.4 

12,4 

Snioolli  heliiw  abmil  1200' 

i55 

939  0 

26.7 

43 

15  0 

1.3.1 

Ohm- 

tf  Sue  Legend 


No.  17  &  18 


13.1  (4  .‘oiiliiuii'd) 


O' 


riKi.o -niKT  NO.  :>i 


jaijii!  13.1  (ContliKioil) 


2(i  ,m;i,v  him 


2100  CST 


(mb)  ("C) 


ItiiLii'.h 
l.llii;  Id  N 

.SiiliiDtIi  Hiiddi'iily 


928.0  28,7 

932,0  28.7 


'I’l'Min  .Dili  HlD'.rii  iilKju!  3800' 
KimddI  Ii 

llitriijiy  IIk.'I)  ab'ady 
lU'y  ibi;,;  lo  K  tini jdHi 
-1.5"C  (mil  blip  on  lOImb 
E(|ul|>]iii>iil  biiik.s  OK 
DiiiiipH  al  800' 


Obar  I'.H. 


FIKLD  TEST  NO,  22 


1098 

0000  CST 

Td 

iit'Oiurka 

C'C) 

1 1.0 

I'iii  |).y  ijIi'djii;  wiiida  iilull 

11.1 

Ihinipy 

10.8 

1 0.  <1 

lO.li 

111.2 

7.8 

0.8 

■1.8 

3  2 

V’t  1  y  i  nj  nr 

2,1 

).{'( iiuhc  ill  *]r)nn' 

-0  1 

.SidddHi  al  .OOOO' 

1.0 

-1.0 

1,1  liM'bc  ill  8000'  tli'Hi'Piil 

jiilw  ii.i/.i'  ill  'I'lOO' 

10. -1 

Olil  IM/.D  ill  MOO' 

10.0 

1. 

lliini|iH  ill  300'  OliHi'  .1. D. 

#  See  Lf'iiond 


No.  '21  &  22 


88 


Tiibit'  13.1  (ContImiL'd) 


I'lKIiD  'ri.;s'i’  NO.  20 

1  AiXius  r  loiio 

1300  CHT 

(i'l) 

1* 

(mb) 

T 

C'c) 

II 

lift 

\  *>) 

C 

(ml>) 

.•3  O 

Ilcmarka 

iiO 

O'M.fl 

22.0 

22 

00 

20,5 

22.0 

rUium-y 

100 

0-12.5 

22.0 

22 

<“..4 

25.0 

21.0 

too 

030.5 

22.0 

22 

IMi 

25.5 

21.-1 

-tio 

932.0 

21.-1 

22 

0-1 

2-1.3 

20.0 

Dralt.i  nnci  accc-lcmtloii 

C'oO 

02-1  5 

20.7 

M.’IO 

M  7 

20.7 

H  II  alui;i:iBl) 

8-10 

017.0 

20.0 

.'■100 

;;!,'i 

20.0 

lUuDpy 

liOh 

wiu.b 

10.5 

'  !00 

23.; 

:i-.r. 

•’  I! 

1010 

Hori.o 

8.2 

-  !oy 

ia.2 

l?;sni))V  :il  bah-'-  about  lOOO' 
lo  .  IdiuI.s  al  1750' 
and  drallti 

1000 

9.12.0 

Ifl.-l 

23.2 

if)  A 

lUmipv 

50 

O-l-l.O 

TO  Q 

32 

90 

27.0 

22.1 

KbI  go  It  l)V  (ho  lower 
-10  fl  Indiraled  Obsr  P.  11. 

r  ■■ 


Kli:i,ri  TKiST  NO.  20  2  AUOUST  1950  1200  CST 


''ll 

m 

V 

(mb) 

T 

CO 

a 

1 

lUI 

(%) 

(nth) 

Td 

(”C) 

Itumnrks 

50 

9-10.0 

27.3 

1 

IM 

(Hi 

2-1.2 

20.5 

i;-:.' 

93!».0 

20,0 

23 

fill 

24.4 

20.(1 

100 

035.5 

23 

(17 

24.0 

20.4 

DraflH 

395 

92i'  0 

29,3 

23 

72 

24.8 

21.0 

lUinipy 

030 

020.0 

25.  fl 

22 

75 

24,9 

21.0 

H30 

013.5 

25  n 

OT 

71 

23.7 

20.2 

Humpy 

I  (1 !  n 

<)!>'/  5 

2-14 

.72 

Tfi 

2-5.  V 

I'lllO 

891.5 

H.J.U 

02 

82 

23.2 

19.9 

2005 

87-1. -5 

21,’. 

02 

rio.o 

7.'[ii  la- 

2-100 

1190. 0 

14 

91 

5’2.0 

19.1 

WuI))iN.)h  )v>  cii'iifttt 

2985 

0-15.0 

lll.O 

(j('l 

ilti 

r>.o 

16.7 

3-105 

827.0 

18,0 

24 

17.0 

15.-i 

Odd  eld  biiHUU  Ixilow 

18.-1 

«3 

13.0 

11.5 

PaHHiiit;  eld  baHCH  al  3700' 

5025 

781.0 

10.2 

83 

82 

15.3 

1.3,3 

tlllml)  Id  deaf 

00-15 

751.0 

1-1.0 

-- 

70 

13.7 

10.0 

7050 

722.5 

11.8 

95 

12.9 

9,0 

In  elda  4500  to 

4000  (1  on  (leHCOiil 

1020 

907.0 

2-18 

34 

73 

19.8 

Hanen  i-hI  3500  ft  Hiinipa 

295 

27,(1 

33 

57 

Rtm 

18.0 

lluiniiH 

010  n 

28.4 

22 

54 

_ 

16.4 

Low  50'  patiD  Oonr  P.H. 

. 

II  H<.  (•  !  No.  25  &  20 
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190 


FIELD  TEST  NO.  29 


Ttble  13.1  (Continued) 
3  AUGUST  1956 


^t)_ 

P 

(mb) 

T 

rc) 

f 

RII 

(t) 

1  165 

935.0 

27.4 

22 

50 

1  365 

928.0 

26.8 

22 

SO 

1  505 

920.0 

26.5 

12 

50 

i  795 

913.5 

25.9 

49 

!  995 

fM}6.5 

26.0 

22 

59 

11475 

890.5 

26.2 

45 

2000 

873.5 

25.8 

32 

45 

2470 

858.5 

24.2 

45 

3010 

841.0 

22.7 

46 

3490 

826.0 

21'. 

22 

47 

1000 

810.5  ^ 

19.8 

49 

965 

01.«.5  1 

2C.2 

32 

48 

r 

«  Tj,  : 

mb)  i 


!!).3 
15  0 
13.3 
1?.6 
12.1 


;  IC.2 
j  15.C 
I  15.5 
1  14.5 
!  14. V 


CS-; 

f :  1. 1 : '  .1  r  -I 


jOtiri!;; 

■  Ar{  f>!cratl'.;..'-  f' 


13.4  [  Si:,....!  i 

13.0  i 

ll.U 


fMt.iui.'.vj ' 

apprr.ai'l.i'ii:  ' 
U\jin|)S  at  7“'' 
jNo  !iiw 


U’ys:'  i‘ 


FIKIJ)  'I  KST 


1 

!  z 

I  * 

1 

1 

i 

1  / 

T 

! 

i  * 

1 

fU« 

r 

(f:) 

1 . 

1  .mb) 

1 

rci 

j 

(%> 

(mb) 

1  '-"j 

i  0 

i 

31.8 

i  23 

42 

19.8 

1  1-5 

!  327.0 

31,4 

!  23 

43 

10.7 

•it:. 

‘.»2H..'i 

•'ll),  h 

j  22 

45 

20.  i 

i  <.25 

j  519.5 

■iO.O 

23 

46 

19.5 

iiSO 

'/!2.0 

1 

50 

20.7 

i 

\ 

j  7  0 

i 

28.6 

1 

47 

18.5 

i  «Vi.5 

27.4 

■  12 

5- 

16.4 

1  873  0 

25.7 

I  22 

54 

13  2 

!2r.05 

;  ;157.5 

■'’3  9 

:  22 

f: » 

IH  T 

!:i02o 

;  HP..0 

1 

22. 5 

1  '2 
' 

64 

17,6 

13725 

i  ti2:v5 

3<’.7 

1 

1 

72 

1 V  3 

,4015 

i  t!!".;- 

I'j.O 

1  22 

76 

17.0 

TAT!) 

!  '.'7',','i 

i  !.  4 

SI 

;n0f>0 

!  7 

14. a 

1 

64 

1  1  (■> 

wU,';'. 

1 ; .  j 

1 

76 

JO 

■ 

^  n 

;  <'2 

47 

16.2 

1 

j 

3  AUGUST  105(.; 

T  -  - 


17.2 

17.7 

17.1 
18.0 

16.2 

IK  2 
IG.O 
IG.i 
I  16.7 


Hctiiarks 


jRou^k 

ilkiir.!' . 
|Drafts 
tDrafts 
iDralts 


if'r 

i 

jwalU.v-/ 

k>.c  'iLfiiil  bump 
\.ir  •^roscUir.;,;  Utac  level  at 
,  5;>0vi/  Ed.\;e  of  FrCu 
!  Base  elds  CCOO'  tops  7000' 
Ito  level  pass  account 
of  boom  cscillatiuM 


P.ii. 


»  See  Lopeixd 


.No.  29  &  30 


Best  Available  Copy 
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I'  lKLD  TEST  NO.  39 


r»ulo  13.1  (ContinMocI) 


.AUGUST  1950 

2200  CST 

e 

!  ncmarka 

785.9  I  10.3 


J-IEIJI  Tfcsn’  HO.  40 


14  AUGUST  1950 


(mb)  (*C) 


20.4  112 

27  2  22 

27,0  22 

27,3  22 


0030  CAT 
Ramarlu 


1 

No  lui’bc  noted 

Plrfi)."!  alroiig  wind 

PIropn  icbp  i>uwur  rqrd 

Plr('p«  ditto 

Oi'iil  dra/tn 

L4{t  tui'bi)  5000  II 

UuDipa,  wullowy 

j 

Turbo  at  300' 

ObsrP.H. 

Table  iJ.  1  (CoiUlniK’il) 


riElJO  TEbT  NO.  43 

lb  AUCIUSI'  1950 

1200  CST 

P 

T 

nil 

mn 

I'd 

Hu  marks 

(ft) 

(mb) 

Cc) 

(%) 

(“C) 

50 

943.5 

31.7 

22 

3,3 

13.4 

(TuiDiimljuHtmcnl  tooshifjglsli. 
aufui'iK’y  0,3  HiIh  run  only) 

80 

942.5 

31.7 

23 

31 

■QEI 

13.3 

15)0 

038.5 

31.2 

22 

33 

15.1 

13.2 

Humpy 

380 

932.0 

30.4 

22 

35 

15.4 

13.4 

Drafl.s  ocnl 

000 

024.5 

29.7 

22 

33 

I  i  1) 

12.0 

Hump 

820 

017.0 

2U.(j 

12 

30 

M.C 

12. G 

Drafl 

lUlU 

28.4 

82 

30 

14.0 

12.0 

Smooth  over  cldy  grd 

1510 

394.0 

2.1  A 

32 

37 

13.3 

11.2 

Draft 

2005 

878.0 

25.8 

22 

35 

11.8 

9.5 

U'allowy 

2515 

801.5 

25.0 

23 

30 

9.() 

(1.4 

Clint  y 

3015 

845.5 

23.7 

22 

2:) 

7.3 

2.5 

.Small  m  ill  gunlH 

3525 

829.5 

23.2 

13 

25 

/.I 

2. 1 

4015 

814.0 

21.8 

... 

26 

7.4 

2.6 

5030 

783.5 

18.7 

41 

1.9 

5.3 

Hi'lallvi'ly  .smooth 

0035 

754.0 

17.2 

50 

•1  u 

0  » 

7005 

725.0 

14.8 

fiO 

11  b 

4.7 

Ornflr*  noU.Tl  at  1000‘ 

nno 

911.5 

12 

35 

14.3 

12.  .3 

Dounry 

75 

943,5 

n  A] 

22 

L„._ 

.13 

17.3 

15.2 

FIKLO_T£ST  NOJ4 _ _ in  Alir;iJf;T  1^ _  1400  CST 


m 

P 

(mb) 

T 

(’C) 

* 

Hit 

m 

Td 

("C) 

Hemarks 

fin 

uw 

942,5 

34.3 

n 

29 

Hi.e 

1  3  C, 

( IVmj)  !)ni|i  I’lmscly  iKlJusind, 

95 

941.0 

34.2 

29 

15  5 

13.5 

(.'IIP  OKI  1  0.3’(.'  |icr  15  sue 

at  Ihl.s  li-mij) 

leo 

038.0 

33. 8 

24 

29 

15  1 

13,1 

l.fllii'rH  ,ni  i|i|rh  tumj),) 

380 

931.0 

32,  fl 

22 

29 

14  3 

1?  1 

040 

922.0 

32.1 

13 

20 

13  '.1 

11.9 

915.0 

31.0 

32 

29 

13,0 

n.5 

1000 

910.0 

30.0 

22 

29 

12,7 

in  !i 

1541) 

892.0 

29,3 

33 

13.0 

II. fl 

2010 

870.0 

37,0 

33 

12  4 

10.2 

2915 

800.5 

20.2 

22 

30 

12.2 

9.9 

3025 

844.0 

21.4 

82 

,10 

11.0 

(1.4 

3515 

829.0 

22.8 

n 

39 

10.8 

I 

4055 

BI2.0 

21.2 

30 

9,9 

Ij.ii 

5005 

781.5 

19.1 

32 

47 

10.4 

7  5 

CCC5 

752.5 

17,0 

50 

10  0 

7070 

724.0 

14.0 

t:;i 

tl>  2. 

7  :i 

(  Utter  1  0. 1  C  .tt  llilHt(;/ii|i) 

9.90 

910.5 

30.9 

29 

13.0 

lO.I! 

70 

842.0 

34.3 

33 

20 

13.» 

11.0 

Hi’if'hl  r.'jllniiilrri  Ub,'-Jr  P.!l. 
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Tablo  13. 1  \ConUiuiotl) 


FIELD  TEST  NO.  45  15  AUGUST  1950  1700  CST 


(ft) 

P 

(mb) 

rc) 

» 

nil 

(%) 

o 

(mb) 

■>•(1 

(“Cl 

Itomarka 

75 

938.0 

35.3 

22 

20 

16.4 

14.4 

Fqt  bumps  Obsr  P.H. 

190 

34.0 

23 

20 

15.0 

Ounl  drafts 

5il0 

027.5 

33.9 

22 

29 

15.1 

13.1 

620 

33.3 

22 

20 

14.8 

12.8 

Drafts 

835 

012.0 

32.4 

22 

29 

14.1 

12.1 

Drafts 

1020 

900.0 

32.0 

22 

31 

14.8 

12.B 

Wallow 

1525 

880.0 

30.1 

31 

13.3 

11.2 

L4tt  itusts 

2035 

872.5 

28,7 

62 

33 

13.1 

n.o 

2400 

857.5 

27, ! 

30 

12.0 

3025 

840.5 

25.0 

22 

35 

11.7 

9.3 

3o2n 

825.0 

24.0 

38 

11.4 

8.9 

Draft 

4025 

809.5 

22, 5 

39 

10.7 

5045 

7/0.5 

19.7 

40 

10.5 

7.7 

eoss 

740.5 

17.0 

52 

10.2 

7.3 

7005 

721.0 

14.2 

01 

10. 1 

7.1 

Drkn  elds  2000'  above 

flumpy  about  1200 

1005 

000.5 

31.6 

33 

28 

13.3 

11.2 

Steady  run 

100 

937.1) 

35.0 

03 

25 

14.4 

12.4 

Gain  30'  on  travorsc; 

- j 

_ 1 

Kiisty 

II  Sc'u  Luiiond 
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H  See  Lt'Kcntl 


No.  47  k  40S 


Fini.I)  Ti;ST  MO.  4lil< 


'ral)l('  i.1,1  (C<>iitlmi<‘il) 


21  AIKiU.ST  I«r.O 


— 

p 

T 

it 

im 

0 

'fu 

(ft) 

(mb) 

C'c) 

(%) 

(mb) 

C'C) 

75 

O'bi.ri 

10.2 

74 

13.9 

11. n 

185 

1140.5 

15.8 

72 

13.2 

11.0 

■105 

9;)3.0 

15.2 

75 

1.".  2 

III 

(i‘15 

925.0 

M  5 

79 

1.3.3 

1 1,2 

H3C. 

91!!.  5 

i:i.8 

22 

81 

13.1 

11,0 

1015 

912.5 

Kl,4 

H2 

12.9 

10  7 

1595 

805.5 

13,3 

28 

80 

12.4 

10.2 

2040 

878,5 

14.2 

O.S 

10.(1 

8. 1 

2520 

(10.5  0 

1  0 

10.5 

n  ” 

1  t 

llOliO 

<i4G.  0 

11.7 

05 

9.2 

5.8 

3‘ 

>40 

830.5 

11.3 

CO 

8.4 

4.1 

4( 

)S0 

815.0 

10.8 

47 

0.7 

1  0 

5! 

150 

784.5 

11.7 

39 

,).4 

-  i  r> 

!  0( 

KiO 

755.0 

10.9 

3C 

5.  ] 

-2.2 

725.5 

9. 1 

•10 

4.0 

■•3.4 

005 

913.0 

14  2 

34 

8! 

112 

95 

ihU.a 

17.4 

32 

00 

1 3 

11.2 

0000  CS'l’ 


liumarka 


(T  (•(]  ri>s|)(msif  clicckccl) 


iji  half  mile 


(Vaby  axcootloniil,  lla/.c) 
(l)arl'  to  !S} 


nimipH  ill  1  ftOO',  li'inpdrop.'j 

(iii.si.s  OI).si’P.II. 


KIKI.D  TMST  NO.  •iO 


O'lon  I  10.0 


1100  csr 


llvinarks 


1 

1505 

;m(io 

2510 

3040 

3520 

lO.'UJ 

5030 

onoo 

70(5 

■ 

t 


Table  X3.1  (Continued) 


1  FIELD  TEST  NO.  00 

21  AUGUST  1050 

1400  CST 

p 

T 

iUI 

c 

Td 

Ilomarks 

(ft) 

(mb) 

(“O 

(%) 

(mb) 

(“C) 

no 

030.0 

26.3 

23 

43 

14.7 

12,7 

185 

930.5 

25,6 

23 

43 

14.1 

12.1 

390 

920.5 

25.2 

23 

43 

11. B 

650 

921.5 

24.3 

23 

45 

13.8 

11.7 

850 

914  0 

23.7 

22 

•15 

1.1.3 

11.2 

1020 

SOH.O 

22.9 

22 

40 

1.3.0 

10.8 

1530 

891.0 

21.3 

52 

12.0 

10,4 

2045 

873.5 

19.8 

22 

54 

12.8 

HEEH 

2535 

958.5 

18.6 

52 

11.4 

9.9 

3055 

842.0 

17,8 

B2 

.36 

7.4 

2.6 

Sharp  temp  drop 

3555 

820.(1 

16,8 

32 

30 

0.9 

1.7 

aii.o 

10.4 

311 

6.7 

1.4 

S05S 

780.5 

12.7 

38 

5.6 

-1.0 

8085 

750,5 

10,8 

82 

35 

4.6 

-3.4 

70-10 

723.11 

10,1 

20 

-0.3 

nl  3400  turbo 

1010 

908  5 

?3.7 

45 

13.4 

11.2 

K'O 

935.5 

2.3 

30 

13,3 

11.2 

Ober  J.K. 

FIELD  TEST  NO.  51  21  AUGUST  1050  1030  CST 


P 

T 

'~ri 

— 

mi 

V. 

Td 

Remarks 

(it) 

(mb) 

rc) 

(%) 

(mb) 

CO 

30.5 

75 

03i».0 

27.4 

.I'll 

14.1 

12.1 

Yavvlnn  In  crosH  wind 

1Y5 

935.5 

2.7, 4 

22 

39 

14.2 

12.1 

Draft.s,  PI  reps 

306 

929,0 

20,8 

22 

14.0 

12,0 

Hard  lo  bold  El  at  600 

615 

20.4 

23 

•12 

I ‘1.4 

12.5 

WiillowB,  bumps,  drafts 

H(K) 

25,7 

02 

41 

11.5 

Drafts 

inm 

907,0 

25,0 

42 

13.3 

11.2 

1525 

890,0 

23.5 

22 

43 

12.5 

10.2 

1090 

875,0 

21.0 

45 

11.7 

9,4 

2320 

858,0 

20.4 

22 

40 

11.2 

8.0 

Hard  to  hold  wings  level 

3015 

842.0 

18.8 

47 

10.2 

7.3 

3500 

827.0 

17,0 

50 

9.0 

0.8 

Dumpy 

4015 

611.0 

15.4 

68 

12.0 

9.0 

Hoeky  like  Ixiiil 

5030 

780,5 

12.9 

71 

Id. 8 

8,1 

0035 

751,0 

9.9 

HO 

in.o 

7.0 

Rocky 

6975 

724.6 

8.0 

50 

5.5 

-1.3 

R  II  Response  marked 

UMinH 

7.37.8 

8.4 

H||H 

82 

9.3 

5.9 

In  clear  {bnue  at  6000') 

III  rlinid  Imp  drops  2“C 

1015 

907,0 

39 

12.fi 

10.4 

85 

039.5 

21J.0 

1 

37 

1 4,1 

12.1 

— 
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'I'lililc  13.1  (f'diiliiiiicd) 


riKIJJ  riOST  NO.  54 


24  AirCJliST  1950 


2200  CST 


IvCniM*  no 


8.G  Takeoff 

Q.6  Slight  liirbL' 
0.(1 


.‘Imnnih 

niiiiip 


(Plreps  iiiKher  eiiRini! 
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01)Hr  P,II. 


! 
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10.4 
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lO.C 

32 
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15.0  1 
',3.2  1 

il.2  ' 
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16.4 

10. u 

Remttrka 


10.0  T.Tko  off 


>2 


'nbic  13.1  (Conllnuci!) 


fu;ld  tust  no.  so  ?.s  AucaiST  lone  osoo  cst 
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i 
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0 
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6 
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08 
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10.0 

LlCl  lurix: 
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03 

12.0 

10.0 

l4't  lurbc 
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92G,5 

17.0 

57 

12.0 

9.7 

U5li 

013,0 

>0.3 

40 

i !.  i 

10  Id 

913.0 

10.  <■ 

47 

10. -J 
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PoH.flble  Nni'  (j 

1515 

806.0 

20.  .3 

32 

a.o 

8.4 

voao 
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•18 

11,3 

8.8 

2510 

tlG4.0 

19.  G 

40 

11.2 

8.0 

3020 

847.5 
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18 
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8  4 
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3510 
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49 

lO.U 

B.J 

4030 
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18.4 

32 

48 
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46 
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4.9 

Some  IrI  lurbc 

7f,fi  r. 

<3  o 

53 

JO.O 

4.4 

Draft 

7005 
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06 
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Down  Draft.  Uiuliilal  lonK 

1 

Ac  D1500()M,OL 
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!)M.5 

19.7 

02 

io.o 
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042.5 
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08 

12.8 

10.0 

IlouRli  now 

f) 

048.0 

10,5 

1 

08 

12,0 

10  4 

- -  -_j 

I.ruidliiR  Obsr  P, II 

FIKLD  TKST  NO.  57 

25  AflCDffr  1950 

1730  CST 

Zp 

I’ 

r 

nn 

0 
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Ah 

13.4 

11. 1 

00 
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33.7 
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mm 
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22 

20 

14.0 

12,6 
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920  5 

32, 7 

82 

20 

14.4 

12.4 

015 

919,0 

32  1 

22 

20 

13.9 

11.0 

845 

011,0 

31.1 

20 

13.2 

l-.l 

T;;s*1jo 

io:,5 

905.5 

30.5 

22 

29 

12.0 

10.4 

1545 

888.0 

22.8 

30 

8.4 

•*.9 

20.85 

072.0 

27.(1 

22 

34 

9.2 

i>.8 

2531) 

860.0 

25,7 

34 

10.8 

0.4 

.10.2(1 

H41.0 

23,0 

30 

10.7 

B.O 

3!;5(l 

824.0 

22,2 

30 

10.5 

7.7 

W!Uj| 

609.0 

21.4 

38 

778,0 
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It 

11.7 

5,(1 

740,0 

■  mm 
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7.3 

2.5 

7075 
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■  ttl 

31 

4.(1 

-3.0 

1015 

005.6 

30,4 

20 
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_ _ J 
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33.4 

29 

14.0 
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TaWo  13.1  (Continued) 


I 


I 


! 


MEtD  TE.ST  NO,  68 

25  AUGUST  106(1 

1930  CST 

r/ 

P 

T 

If 

till 

e 

'‘’d 

riomarks 

(ft) 

v'rnh) 

m 

<%) 

(mb) 

(“O 

Tomp  oq  d.impliig  chocked  OK 

190 

31. 1 

31 

M.O 

12.0 

Snuxil  h 

410 

924.0 

32.2 

- 

12.4 

10. 1 

Anvil  eld  West 

r«9o 

915,0 

32,  1 

02 

20 

12.4 

10. 1 

FIoccum  ovcrlioad 

870 

009,0 

31  ? 

22 

26 

1 1.7 

9.3 

1000 

002,5 

30.  fi 

29 

12.6 

1500 

OHIj.O 

2D.  2 

29 

11.8 

9.4 

Qlulsli  lin/.c  noted 

SOS  5 

870,0 

27.0 

22 

29 

8.0 

2545 

8 1)  4  5 

26.2 

29 

10.0 

7.0 

3070 

837,5 

24.9 

33 

10.3 

7.4 

Ot  III  very  )gl  uixiraft 

3505 

022,0 

22.7 

35 

9.0 

6,4 

407  S 

806.5 

21.2 

22 

.35 

(1  (i 

a.  1 

i.jo.ii-  ovcrlioiid 

5080 

776.5 

18.4 

22 

35 

7  4 

2.0 

0075 

747.5 

16.3 

-  - 

25 

4.7 

-3.2 

7100 

7S8.& 

15.3 

29 

4.4 

-3.9 

Floccus  ijver.hciifl 

1010 

004,5 

KckI 

(i? 

28 

12. 1 

9.8 

Ociil  OUlIl!) 

215 

931,0 

30,  1 

13 

30 

13.8 

10.6 

OlMr  P.H, 

FIEU3  TEST  NO.  r.'j 

25  AI/OUfiT  1056 

2230  CST 

z,, 

T 

If 

lUt 

I’d 

Komarka 

(ft) 

(mb) 

ro 

(%) 

(mb) 

('C) 

23.0 

44 

13.0 

10,8 
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930.0 

28.0 

35 

13.4 

11.2 

400 

928,0 

20.fi 

31 

13,0 

10.8 

030 

920.0 

2 

26 

11.  T 

0.2 

850 

912.5 

30.8 

20 

11.5 

0.0 

1050 

900.0 

■iO.O 

26 

11.5 

0.1 

1530 

090,0 

20.7 

26 

lo.e 

8.1 

2030 

873,5 

28.5 

-- 

20 

10.1 

7.1 

2525 

857.5 

28.8 

-- 
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10.3 

7.4 

3030 

841.5 

25.4 

28 

9.2 

0.7 

3525 

820,0 

23.9 

30 

9,0 

0.5 

4025 

811.0 

22.3 

22 

30 

8,2 

4.1 

6035 

780,5 

10.1 

22 

3G 
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3.8 

0075 

750.0 

15,0 

40 

7.2 

2.2 

70GO 

722,0 

13,1 

46 

7.0 

1,0 

T  lag  test  03%  In  few  soi; 

1020 

907.0 

30.5 

20 

11.4 

8. 11 

170 

03G.O 

27.0 

35 

13  2 

11.1 
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Tiiblc  ]5.1  (Continiind) 


Tahlo  13.1  (Conlliiuod) 


FIELD  TEST  NO.  (52  27  AUGUST  1055  1400  CUT 


(ft) 

P 

(mb) 

- 

T 

("C) 

i' 

s  § 

e 

(mb) 

Td 

("C) 

r 

ncmarks 

6 

934.0 

28. 9 

43 

17.0 

15.0 

Take  off 

90 

931.0 

28.. 3 

3Q 

15.2 

13.2 

Turbo 

IRQ 

928.0 

28.3 

22 

30 

14.0 

12.0 

,380 

921.5 

27,8 

36 

13.0 

11,0 

G20 

913.0 

27.8 

.35 

13.2 

11.1 

810 

907.0 

28.0 

31 

u.a 

9.4 

1010 

900.0 

27.7 

31 

11.0 

9.1 

1505 

803.5 

20.4 

32 

32 

11.0 

8.4 

2015 

8C7.0 

25.5 

30 

9.9 

0.8 

2505 

Ui)l.b 

24,3 

22 

30 

9.2 

5.8 

SQ 1  u 

835.5 

22.0 

02 

.32 

8.9 

5.2 

Dumps 

3315 

20.9 

36 

9.0 

5.4 

4025 

801.0 

19.4 

22 

39 

8.0 

5.1 

Dumps 

0003 

774.0 

1(3.0 

43 

8.1 

4.0 

6045 

744.5 

113.6 

40 

7.7 

3.2 

7050 

710.5 

12.0 

51 

7.4 

2.8 

D20 

9U1.U 

28 , 2 

-  > 

30 

11.4 

9.0 

00 

951.5 

31,0 

02 

20 

14S.U 

9.6 

934.0 

31. 'i 

..  .  ... 

32 

. 

14. a 

12.7 

l..amllii(.'  —  Obsr  J.0. 

Tlv';!'!’  NO.  fi<l 


Tiiltlc  i:t.  1  (Cdiillniii.'il) 
27  AUtiUKT  10GB 


2200  CST 


] 

I 


^1> 

P 

T. 

» 

iUt 

c 

fd 

Remarks 

(ft) 

(mb) 

('■c) 

Cl) 

(mb) 

(°C) 

6 

20.5 

09 

IC.G 

14.0 

Take  off 

2or3 

924.0 

30.0 

33 

14.0 

12.0 

435 

910,0 

30.4 

22 

33 

14.4 

12.4 

Very  sleiuly  golnij 

670 

900.5 

30.0 

22 

31 

13  2 

11.2 

890 

901.0 

4U.U 

22 

Tv 

12.4 

10.1 

li  1 

095.0 

29.7 

29 

12.1 

9.8 

milm 

H79.0 

20.8 

29 

11. 6 

9,1 

862.0 

27.5 

29 

10.7 

8.0 

2575 

84C.0 

26.1 

30 

10.2 

7.3 

3070 

830.5 

24.8 

32 

10.0 

7.0 

35flS 

fllR  5 

25  0 

.32 

0.2 

ft  H 

4070 

800.0 

21.8 

2B 

7.4 

2.7 

5090 

769. 5 

19.7 

32 

7.2 

2.0 

eoao 

741.0 

1S.6 

33 

5.9 

-0.5 

7105 

712.5 

12.6 

40 

5.8 

HQ 

1045 

896.0 

28.9 

31 

12.5 

10.3 

195 

924.5 

27.7 

24 

42 

15. G 

13.0 

6 

931.0 

25.9 

43 

14.4 

!2  4 

I.aruliii};  Obf?r  J.K. 

FIFILD  TKST  NO.  05 

29  AIJGIJ.ST  lose 

1900  CST 

P 

T 

» 

RII 

V 

Td 

Remarks 

(f<) 

(mb) 

rc) 

(%) 

(mb) 

C'C) 
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